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CHAPTER 3
PROJECT DESCRIPTION
31 Introduction and suitability of the Project location
3.1.1 Introduction

Chana Green Company Limited (the Project) is an affiliate of Gulf Energy Development
Company Limited. The Project planned to develop Chana Green Power Plant. Biomass, wood residue
or agricultural residues such as rubber and acacia woods, will be used as a fuel. The Project is located
in an area which covers 161.49 rai in Ku Subdistrict, Chana District, Songkhla Province (Figure 3.1.1-
1). The Project has been approved by the Electricity Generating Authority of Thailand (EGAT) under
the project of power purchase from a small power plant (SPP) in accordance with the Notification of
power purchase from renewable small power plant B.E.2550 (revision B.E.2552). This will help to
reduce fossil-based power production such as natural gas, oil, and coal. It will also help reducing

greenhouse gas emission that causes global warming.

The main equipment of the Project is a boiler with a capacity of 98 ton/hour, power generator
with a capacity of 25 MW, and supporting system. The designed capacity of the power plant is 25 MW and
the maximum operating capacity is 24.915 MW. About 4.293 MW will be used in the Project and the rest
of 20.622 MW will be supplied to the grid of Electricity Generating Authority of Thailand (EGAT) in

non-firm contract basis.

3.1.2 Suitability of the Project location

(1)  Fuel source: The Project is surrounded with rubber plants cultivation area. The area
has the potential for various energy crops (parts that can be used are residues such as slab, branch, and
root). Thus, the fuel sources are stable (details of a study of fuel potential are described in Section
3.3.1).

(2)  Transport: The Project locates on Highway No.408 which connects to main roads,
Highway No.43 and Highway No.42. Thus, transport of fuels to the Project can be done conveniently
(Figure 3.1.1-1).

(3) Power transmission system: The Project locates near the transmission system of
Electricity Generating Authority of Thailand along the Highway No.43. The total length of the

transmission line from the project site to PEA substation is 8 Km. PEA will use the Highway right of
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way (ROW) to lay the transmission line and they will be responsible to conduct the construction permit

for the transmission line alignment and construction.

(4)  Water sources: The Project’s location is near Nathawee irrigation canal under the

irrigation project. The canal is capable of supplying water to the Project.
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3.2 Location and the Project area
3.2.1 Area and the surrounding

Chana Green Company Limited is located in Moo 3, Ku Subdistrict, Chana District, Songkhla

Province. It covers 161.49 rai of the area for the Project’s development.

Boundaries are as follows:

North Connects to rubber plantation area
South Connects to rubber plantation area
East Connects to rubber plantation area

West Connects to Highway No.408

The Project area is designed in accordance with the concern of impacts to Chana
Chanupathum School. The school locates approximately 136 meters (fence to fence) from the Project.
Green area is designed as the Project buffer zone follows by water reservoir to attenuate noise levels
during project operation. Power generating area and fuel storage and preparation areas where transport
and wood chipping will take place are located in the south of the Project area as shown in Figure 3.2.1-

1. The Project area utilization is summarized in Table 3.2.1-1 and Figure 3.2.1-2

(1)  Power generation and transmission system area consists of power generating units
(boiler and power generator), a switchyard, and transformers to transform voltage prior connecting to
transmission system;

(2) Power generation supporting system area consists of water treatment plant and
wastewater treatment plant, cooling tower, water pump, and diesel storage tank for system startup;

(3)  Fuel preparation area consists of wood storage yard, wood chipping building, and
chipped wood storage building;

(4)  Water reservoir and bottom ash disposal pond area;

(5)  Office buildings area such as production control building and maintenance building;
and

(6) Green area
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The setback area between project buildings/site boundary and public road/public canal
has been complied with Ministerial Regulation No.55 (B.E. 2543) Promulgated under the Building
Control Act B.E.2522. (Appendix 3-1)
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Table 3.2.1-1

Land use description of project

Area Percentage
Type s
(m)

(1) Power Block Area

- Power Block 3,500.0 1.35

- Switchyard and Electric transformers 1,200.0 0.46
(2) Balance of Plant Area

- Water Treatment and Waste Water Treatment Area 1,000.0 0.39

- Cooling tower and Pump 1,600.0 0.62

- Diesel tank 25.0 0.01
(3) Fuel Preparation Area

- Wood Shredder and Fuel Storage House 7,000.0 2.71

- Open Storage Yard 32,300.0 12.50
(4) Reservoir and Ash landfill

- Raw Water Reservoir 93,660.0 36.25

- Settling Pond and Waste Water Holding Pond 5,300.0 2.05

- Waste Water Reservoir (dry season0 7,700.0 2.98

- Ash landfill 12,000.0 4.64
(5) Building

- Control Building 400.0 0.15

- Workshop and Warehouse 700.0 0.27

- Administration and Guardhouse 1,900.0 0.74

- Raw Water Pumping Station 30.0 0.01
(6) Green Area 18,000.0 6.97
(7) Other areas: such as roads, parking areas, drainage ditches, area are 72,062.6 27.89

not developed pipelines and transmission lines

Total (1)+(2)+(3)+H(4)+(5)+(6)+(7) 258,377.6 100.00
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3.2.2 The Project accessibility

To travel to the Project, land transportation is convenient. For traveling from Hatyai District,
Songkhla Province, can travel through Highway No. 43 and turn right at Paching junction to Highway
No. 408, then seven kilometers through traffic, the Project is on the left-hand side at km 15 (Figure
3.1.1-1). For traffic within the project area and internal roads cross section shown at Figure 3.2.2-1

and Figure 3.2.2-2 respectively.

33 Fuel and chemical

3.3.1 Fuel

(1)  Fuel option
The Project has made a contract in SPP type with Electricity Generating Authority of
Thailand. The Project is one of renewable energy projects (solar power is excluded) for the three
provinces in the southern border (Pattani, Yala, and Narathiwat provinces) and four districts in
Songkhla Province (Chana, Thepha, Sabayoi, and Nathawee subdistricts). Considering of biomass
fuels in the adjacent areas found that rubber wood is the main fuel option and another rapid growth
plant such as acacia wood is an alternative fuel. The Project considered commercially viable of the

power production. Thus, the power generation capacity of 25 MW is selected.

(2) Fuel composition
The compositions of rubber wood to be used as fuel are shown in Table 3.3.1-1 and

the certification from the laboratory is shown in Appendix 3-2.

(3) Quantity and source
The Project requires rubber wood residue from wood processing process such as slab,
branch, and root to be used as fuel of approximately 800 ton/day or 268,000 ton/year, calculated from
335 days (rubber plants with age between 25-30 years have low yield of latex will be cut and sent to

rubber wood processing to produce rubber wood products).

In 20135, the Project hired consultants (Ensol Company Limited and Entic Company
Limited) to conduct a study on the suitability of the biomass (rubber wood) to support the power plant
development of Gulf Energy Development Company Limited in the southern region of Thailand. The
study was conducted under the condition of utilization of 300,000 ton/year of biomass over 25 years

as shown in Appendix 3-3. The study results can be summarized as follows.
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Table 3.3.1-1

Compositions of Rubber Wood

Parameter Unit Root Parts
High Heating Value KJ/Kg 4,197.00 4,242.00
Low Heating Value KJ/Kg 3,785.00 2,356.00
Moisture % 8.47 8.24
Fixed Carbon % 16.46 15.75
Volatile Matter % 7291 74.56
Carbon %C 45.14 45.18
Hydrogen %H 5.21 541
Nitrogen %N 0.56 0.2
Oxygen %0 38.35 3942
Sulfur % 0.06 0.05
Chlorine (Cl,) % 0.05 0.05
Ash % 2.16 1.45

Source : Chana Green Company Limited, 2016
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The study process comprises of collecting data of rubber wood plantation area,
consideration of fuel from the plantation area, analysis of fuel consumption, analysis of remaining fuel,
and analysis of the adequacy of fuel for the Project over the period of 25 years. The data were collected

from three sources.

(1) Quantity of rubber wood with the age of over 25 years was considered based on
plantation area, data from the Department of Agricultural Extension

(2) Quantity of cut rubber wood to support the requirement of wood processing
plants was considered based on number of wood processing plants, data from the Department of
Industrial Works

(3) Quantity of cut rubber wood to support the requirement of wood processing
plants was considered based on number of wood processing plants, data from the Royal Forest

Department

The rubber wood plantation area of one rai generates fresh biomass (including trunk)

of 37.65 tons. Types of fuel can be classified as follows.

Type of biomass Quantity (ton)
Trunk 22.46
Branch/stalk 8.14
Leaves 1.76
Stump and root 5.29
Total 37.65

From the rubber wood required in the 11 southern provinces from the assessment
using data from the Department of Agricultural Extension, Department of Industrial Works, and Royal
Forest Department found that rubber wood residues from wood processing plants are 13,134,185,
25,293,645, and 11,484,197 tons/year, respectively. After deducting quantity of rubber wood residue
required for boilers of various factories such as lumber drying, plastic/chemical, food, biomass power
plant, pallet, and particle board, the minimum amount of rubber wood remaining (analyzed from the
data of the Royal Forest Department) of 4,543,778 tons/year. However, the Project requires about

268,000 tons/year. Thus, the quantity of fuel is sufficient for the Project development.
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Wood residues left from other activities (ton/year)

Province Department of Department of Industrial Royal Forest

Agricultural Extension Works Department
Songkhla 739,087 3,481,828 -14,244
Yala 969,629 1,222,667 -147,104
Pattani 38,469 228,859 174,752
Narathiwat 920,286 240,978 245,789
Surat Thani 1,016,149 3,680,869 1,102,255
Krabi 238,861 770,454 535,200
Phang Nga 219,490 1,347,463 128,692
Nakhon Sri Thammarat 812,125 3,724,129 1,320,801
Trang 186,322 2,615,986 645,515
Phatthalung 816,358 431,786 406,107
Satun 125,838 381,353 146,015
Total 6,082,614 18,126,372 4,543,778

(4)  Fuel transportation into the project area
The biomass fuel to be used in the process will be transported by 20 tons /trucks for 40
travels/day. The transport hours will be arranged to prevent creating traffic problems. The transportation
will not be done during rush hours in both morning and evening. The truck will be weighted prior dumping
the biomass on the fuel storage yard. The empty truck will be weighted and left the Project immediately to

prevent traffic problems in the Project area and to reduce impacts on the adjacent communities.

(5)  Fuel storage and preparation

1) Fuel storage yard

Fuel will be stored on the yard of the Project which covers an area of 32,300 square
meters as shown in Figure 3.3.1-1. The yard is able to store 24,000 tons of fuel or 30 days in case of no fuel
increase. It is an open concrete yard. The fuel will be stored in trapezoid pile with the height of 2-4 meters.
The Project provided drainage system around the fuel yard and a settling pond with a dimension of 35
meters width, 60 meters length, and 3.5 meters depth. The pond has a capacity to store about 5,365.5 cubic
meters of water (Cross section of the pond is shown in Figure 3.3.1-2). The water will be reused for root
washing, gardening, and spraying on the fuel piles to prevent fire. The Project will assign workers to check
and dredging the drainage gutter by using backhoe and labor to prevent water pollution and shallow. Fuel

from the dredging will be brought back to the yard.
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2) Fuel preparation
These fuels typically have a moisture content of about 40-45 percent. Preparation
Units fuel to bring wood into small pieces about 2 inches by using small wood chippers shred
(Shredder) with a backlash over the hot sand. Then minced with Grinder in the building to be used as
fuel in the combustion chamber. The excess will be stored in the fuel storage building. Circulate back
to use as fuel in a combustion chamber, the following. In case of chipping unit maintenance or in an

absence of rubber wood.

For fuel preparation, in the case of big rubber root, there is an additional process
from the wood residue. The big root will first pass through pre-shredder to reduce the size. This
machine has a capacity to shred of 34 tons/hour. The Project has two pre-shredders. After pre-shredded,
they will be sent to two shredders with a capacity of 34 tons/hour each. The size of chips is
approximately 2 inches prior sending to screening. The big chips will be sent back to the shredder. The

shredders locate on area six as shown in number 6 of Figure 3.2.1-1.

3) Fuel storage building
The fuel storage building is located in the same area with fuel storage yard and
using the same entrance and exit. It covers an area of approximately 7,000 square meters. It is a closed
building with vents on all four sides as shown in Figure 3.3.1-3. The building is able to store 2,400
tons of fuel or fuel to be used for three days. The First in-First out approach will be used to manage
the storage to prevent leftover of old fuel. Loader the main machine to be used in the building to push
fuel to the conveyor and send fuel to the boiler building. The fuel pile is in a trapezoidal shape with

space around for ease of care.

For cleaning of fuel storage building, the Project will assign workers to sweep the
saw dust every day for at least 2 times/day. In order to prevent fire, the workers will check throughout
24 hours. In the case of fire, the Project will provide fire hose nozzles to spray water over the area and

will use together with a fire truck.

(6) Preventive and mitigation measures for fuel preparation and storage
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1) Noise management in fuel preparation process
The Project has designed the fuel preparation process to be located as far as possible
from the school. Shredders were selected instead of choppers that generate loud noise. For pre-shredder, the
Project designed a noise barrier to reduce noise level, not to over 85 dB(A) at distance of one meter from

the barrier. Moreover, trees will be planted along the fence to become a noise barrier.
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2) Dispersion of dust
The Project has a preventive and mitigation measure to reduce dust problems
during fuel transport. All fuel trucks must prevent the fuel drop throughout the travel from source to
the Project. After fuel dumped, the truck must be cleaned to prevent dispersion of dust and soil residue

prior leaving the Project. These will be manipulated as a hire contract for every truck.

3) Odor prevention from fuel storage
Fuel storage yard is designed to equip with water drainage gutter to prevent
accumulation of moisture. The floor is designed to have a slope to collect run off to the gutter

surrounding of the yard.

The first in-first out approach will be used to manage the fuel. The fuel that comes
first will be sent to the fuel preparation process first. This is to prevent biomass fuel degradation. The
Project will also provide a buffer zone to prevent dust generated from transportation activity as well as

odor to pose impacts on the surrounding communities.

(7) Heavy machinery used at the fuel yard
Machinery used at the fuel yard consists of two backhoes, a truck, and a tractor

to push the fuel to the shredders.

3.3.2 Diesel
The project uses the diesel fuel to Emergency Diesel Generator, Wheel loader and truck

within the project.

(1) Source and quantity
The diesel used in the Project will be supplied from local petrol company. It will be
stored in a diesel storage tank with a capacity of 12,000 liter with 1 tank. The Project requires diesel

to be used for the Emergency Diesel Generator, Wheel loader and truck only.

(2) Chemical compositions of diesel
The compositions of diesel which will be used by the Project has properties that
comply with the Notification of the Department of Energy Business on Specification of diesel

properties (No.6) B.E.2558 as shown in Table 3.3.2-1.
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Table 3.3.2-1

Compositions of diesel

Parameter Unit Composition
Specific Gravity at 15.6/15.6 °’C 0.92
Viscosity at 40 °C cSt 8.0
Water and Sediment %vol. 0.3
Ash owt. 0.02
Sulfur owt. 1.5
Flash Point °’C 52

(3) Diesel storage

The diesel storage tank has a capacity of 12,000 liter, the maximum of 10,800 liter of
diesel will be stored. The amount of diesel to be stored in the Project is considered low. Thus, the Ministerial
Regulation No.2 (B.E. 2535) issued under Factory Act B.E. 2535 Section 2 Article 6(7) will not be
applicable. The regulation states that container of hazardous materials such as flammable, chemical or liquid
that harmful to human, plant, property or the environment with a capacity of 25,000 liters or higher must be
strong and coherent with the acceptable standard under the approval of a control a professional engineer.
Furthermore, a concrete bund (i.e., 4 x 8 x 0.6 m) must be provided surrounding of the tank which able to
receive the whole amount of the material. In case that the number of the container is more than one, the bun
must be able to receive the amount of material stored in the biggest tank to prevent the spread of the material.
In the case of emergency, material or chemical with suitable property to suppress or reduce the severity of
the spread must be provided adequately. However, the project is designed to store and supply fuel Figure
3.3.2-1. All fuel, oil or chemical storage areas and other locations where there is a risk of spill or leak
will be provided with secondary containment, drip trays or other overflow and drip containment
measures in accordance with IFC EHS guidelines. Details will be included during the detailed design

stage.
3.33 Chemical
(1) Type of chemical and management
For the option of the Project to use chemicals was considered based on the purpose of

use, quantity per product, quality, and harmfulness of the chemicals on the environment and health.

The Project requires chemicals to use in water treatment process, boiler, and cooling

tower as shown in Table 3.3.3-1. Sources of the chemical are from local suppliers.
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Properties of chemicals to be used in the Project are detailed in the safety data sheet

(SDS) in Appendix 3-4.
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Table 3.3.3-1

Details of Chemical Uses

Quatity Storage
Chemicals Source (T/Y) Area Usage
1. Foric Chloride Domestic 175.25 Water Treatment Plant
2. Sodium hypochlorite (NaOCI) Domestic 18.84 Demineralized Water Plant
3. Lime Domestic 42.73 Water Treatment Plant
Warehouse and
4. Polymer Domestic 1.73 Water Treatment Plant
Nearby Using
5. Sulfuric acid 23.03 Boiler Feed Water
Area

6. Sodium hydroxide Domestic 8.89 Water Treatment Plant
7. RO Anti-scale Domestic 0.89 Water Treatment Plant

Source : Chana Green Company Limited, 2017
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(2) Transport of chemicals
The Project will contact chemical supplier before transport to confirm date and time.
This is to be prepared and reduce the risk of transportation vehicle to wait. The Project forecasted that
the chemical transport is 2 times/month maximum. The chemicals will be stored in a chemical storage

building with an area of approximately 24 square meters (3 meters width and 8 meters length).

(3) Management of chemical storage building

The chemical storage building will be equipped with a concrete gutter to receive leaked
chemical to a sump prior sending to Neutralization pond. Chemicals used in the project are stored in
a building storing chemicals. The storage of chemicals will continue to publish industrial activities,
Subject Guide to maintain the chemicals and hazardous materials, B.E. 2550. For ventilation, the
building is designed for ease of air flow in which comply with Ministerial Regulation issued under
Building Act B.E.2522. Moreover, the Regulation of Labor Ministry on safety and environmental
management of a confined space B.E. 2547 was applied. According to the regulation, the ventilation must
be suitable, oxygen must not be less than 19.5 percent by volume. For fire system in the chemical storage
building, (chemical storage building is shown in Figure 3.3.3-1), the Project will provide a fire
extinguisher. This complies with the Notification of Ministry of Industry on fire prevention and
suppression in factory B.E.2552. Moreover, the Project will construct a rainwater drainage gutter
surrounding the building to collect rainwater from the roof of the chemical storage building. Principles

of chemical storage are as follows:

1) Provide safety data of every chemical used in the Project at the chemical storage

area as well as label on every chemical container

2) Chemicals that can be reacted with another will be stored separately such as acid-

base or incompatible chemicals such as flammable chemical

(4) Management of used chemical container
Used chemical containers will be sent back to suppliers for repacking. For chemical
storage bags, which is non reusable, it will be disposed of. The Project will collect the bags and send

to waste disposer that is authorized by the Department of Industrial Works.
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(5) Leakage management

1) Small leakage (less than 5 liters)

(a) Inthe case of solid chemicals, clear the area by sweeping. For liquid chemical,
use sand to absorb the chemical.

(b) Spread sand over the leakage to prevent spreading of the chemical.

(c) Collect the sand and put in a black bag, put a label on the bag prior prior to
sending to a waste disposer that is authorized by the Department of Industrial Works.

(d) Wash the chemical contaminated area with clean water and collect the
washed water to be disposed of by a waste disposer that is authorized by the Department of Industrial
Works

(e) Monitor the containers for leak and also check if container is dilapidated
which may cause leakage, if found, change the container or fix the container to normal conditions
before using it again.

(f) Conduct a leak test before using again by filling water and retain for 30
minutes to check for leakage.

(g) Person assigned to manage the spill must wear personal protective equipment

such as rubber gloves, safety glasses, and mask

2) Heavy leakage (over 5 liters)

(a) Prevent the leakage not to spread wider by providing a wall or other materials

(b) Scooping out or pump out the chemical into a prepared container to contained
it.

(c) Spread sand over the leakage and collect the sand then put in a black bag, put
a label on the bag prior sending to a waste disposer that is authorized by the Department of Industrial
Works

(d) Wash the chemical contaminated area with clean water and collect the
washed water to be disposed of by a waste disposer that is authorized by the Department of Industrial
Works

(e) Monitor the containers for leak and dilapidated which may cause leakage, if
found, change the container or fix the container to normal conditions before using again

(f) Conduct a leak test before using again by filling water and retain for 30

minutes to check for leakage
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(g) In case a leak found, fix the leak and follow (f) again
(h) After tested, clean the container and close before use
(i) The leaked chemical can be kept unchanged by scooping, for the leaked

chemical that sand was used, put in a black bag.

34 Product
According to the design, the Project has a total capacity of 25 MW. Data of power generation

and steam production of the Project by mode of operation can be described as follows.

(1) High production (100%), 24 MW, the Project will send 20.622 MW to the grid of

Electricity Generating Authority of Thailand and about 2.4 MW will be used internally

(2) Moderate production (65%), 15.6 MW, the Project will send 13.2 MW to the grid of

Electricity Generating Authority of Thailand and about 2.4 MW will be used internally

(3) Low production (30%), 7.2 MW, the Project will send 4.8 MW to the grid of Electricity

Generating Authority of Thailand and about 2.4 MW will be used internally

3.5 Production process

3.5.1 Technology and technical process

The Project’s boiler has a capacity of 98 tons/hour. It is a moving grate stoker system type
(cross-sectional drawing of the boiler and air pollution treatment system of the Project is shown in
Figure 3.5.1-1). The process diagram of the Project is illustrated in Figure 3.5.1-2. The design criteria

of the main machinery are summarized in Table 3.5.1-1.
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Table 3.5.1-1

Important design criteria
Criteria Value
Plant Performance
Gross Plant Efficiency (%) 27.0
Net Plant Efficiency (%) 22.35
Boiler
Maximum Continuous Rating (ton/hr) 98
Operating Live Steam Flow rate (ton/hr) 97.8
Operating Live Steam Temperature ("C) 507
Operating Live Steam Pressure (Bar(a)) 67
Steam Turbine Generator

Type Turbogeneration
Rated Steam Pressure (Bar(a)) 65
Rated Steam Temperature (°C) 505

Criteria Value

Electricity
Gross Output (kW) 24915
Electricity export (kW) 20,622
Plant self-consumption (kW) 4,293
Transformer
Step-up Generator Transformer I set
capacity 6.6 /115 kV
Step-down Generator Transformer 1 set
capacity 115 kV /400 V
Cooling Tower

Return cooling water temperature (°C) 43
Return cooling water flow rate (ton/hr) 4,167
Forward cooling water temperature ("C) 34
Forward cooling water flow rate (ton/hr) 4,167

Source: Chana Green Company Limited, 2016
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3.5.2 Production pattern of the Project

The Project’s power generation was design to use the co-generation system by using a steam
turbine. The principle of the steam turbine is the expansion of steam at high pressure and temperature
through a steam turbine this axis that connects the turbine to a power generator. The extraction

condensing steam turbine has been selected to be used in the Project.

Heat balance by mode of operation of the Project is shown in Figure 3.5.2-1.

353 Steps of production
Simplify diagram of power and steam production of the Project (Figure 3.5.3-1) can be

described by step by step as follows:

(1) Fuel distribution to the boiler combustion chamber
After passing through the strainer, the fuel will be sent through a closed conveyor to
a tank for one day (Figure 3.5.1-2) prior feeding to the Project’s boiler. In case that the shredder is on
maintenance or lack of fuel, the fuel from the fuel storage building will be used. There is a loader that
will push the fuel to the closed conveyor. The conveyor has a capacity of 34 tons/hour. It will directly
feed the fuel to the boiler. The stored fuel in the building can be used continuously for three days.
Nevertheless, the fuel feeding to the boiler’s combustion chamber will be done automatically by

distributed control system from the control room.

The fuel distribution diagram is shown in Figure 3.5.3-2.

(2) Production of steam

1) Startup
The start-up begins by igniting the burner of the combustion chamber. Later,
switch on the blower to blow the air to the chamber follows by a switch on the ventilator. After that,

feed the fuel that mixed with diesel to the chamber. This is to accelerate and have a faster combustion

of the fuel.

In order to control the quality of the fuel, the main factor affecting the complete
combustion efficiency is moisture. Normally, the fuel storage area and feeding area are under roofs.
Thus, in the case of rain, there is no impact on the fuel’s moisture. Moreover, the first in-first out
approach will be used to manage the fuel stock. Therefore, the Project will able to control the fuel

quality to the control level and will not have an impact on air emission from the boiler.
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2) Combustion system in the combustion chamber
Equipment in the moving grate stoker combustion system is a steel grate that is
made to have many holes for the air to flow through the rubber wood. The rubber wood that will be
fed by the air will flow into the combustion chamber during the combustion. The combustion will last

until complete combustion and the residue will fall on the grate. Water will be used for cooling.

Nevertheless, temperature and excess air in the combustion chamber will be
controlled as designed. During combustion, air will be blown into the chamber through the compressed air
channel at the bottom by using a force draft fan. The fan will suck the air from outside and blow through
the air preheater that is installed in the off-gas channel to heat up the air. The heated air will be compressed
through the compressed air channel. The air volume will be more than the requirement. Besides using for
the combustion, the air is also used to cool down the grate to prevent melting. Moreover, the air will be
heated up at the same time which will be resulting in combustion efficiency. This air is called “primary air”.
Another part of air called “secondary air”, or over fire air that blows through secondary forced draft fan to
the combustion chamber. This is to increase the excess air to burn the organic residue in the grate. Carbon
dioxide generated from incomplete combustion of volatile matter and fixed carbon will also be burned.

These will incur complete combustion during flowing up high again in the combustion chamber.

Ash generated from the combustion that is left on the moving grate stoker will be
washed out by steam jet onto the conveyor at front of the chamber. It is a conveyor that soaks in a
closed water basin. This is to prevent cold air from getting in the chamber. When the ash called bottom
ash is sunk in the water, it will be distributed out by a conveyor. This bottom is including of heavy
smoky. For light weight ash, after combusted, it will be mixed in the off gas and flowed out of the
chamber through off gas channel. It is called “fly ash”. The fly ash will be trapped by the air pollution

treatment system prior discharging to the atmosphere.

All the ash will be discharged to the ash dumping pond through wet ash
conveying system as shown in Figure 3.5.3-3 and Figure 3.5.3-4. There are two ponds with a capacity
of 23 cubic meters each. At the ponds, there is a bund and a pump to pump out the water that is
separated from the ash back to the wet ash conveying system. The proposed ash pond is about 350 m
from the canal. The company will follow the Thailand PCD  regulation
(http://infofile.pcd.go.th/waste/waste _sanitaryLandfill.pdf) that requires 100 m from surface water
and 1.5 mm thick HDPE. The Plant will be having ground monitoring well to monitor any leakage. It
will also provide a spare empty disposal pond which will be available all the time. If any leakage occur
the ash pond, it will be removed and transferred to the spare disposal pond and the leakage will be

fixed accordingly.
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The wood burned ash is one kind of for Non-hazardous effluence from burning process not like MSW
or industrial waste then we not need to control like IFC EHS Waste Management Facilities for

Infrastructure business.

3) Steam production system
The Project’s boiler is a water tube boiler. Based on the principle of heat
exchange between the water in the tube and hot gas from the combustion in another tube. The steam
production begins with the feeding of water through deaerator to the boiler. The boiler feed water pump

will pump water to economizer for preheating prior sending to steam drum. Water will be
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separated out from saturated steam at the steam drum. Water will be sent to pipe wall for heat
exchanging with the hot gas from the combustion. Water will be turned to saturated steam before
sending back to the steam drum. Later, saturated steam will be sent through vapor separator in the
drum prior sending to super heater. After that, saturated steam will be converted to superheat steam to

be used as high-pressure steam.

In the case of running at the full capacity, the boiler will generate steam and send to

the steam turbine that has an axis which connects to a power generator.

(4) Power generation
Superheated steam that generated from the boiler will be sent to the condensing steam
turbine through a control valve to control the steam volume. When the steam passes through the

turbine, it will spin the 25 MW power generator.

(5) Cooling system and condensing
The steam that passed through the steam turbine will be sent to a condenser for heat
exchanging by using the cooling tower. Condensate will be generated and it will be sent back to the

boiler. The cooling water will exchange the heat at the condenser.

The Project’s three units of the cooling system are counter flow type. The total

maximum water requirement is approximately 4,500 tons/hour.

(6) Linkage and transmission
The pressure of the power generated from the generator will be increased by a step-
up transformer (11 KV/115 KV) which is cooled by oil prior sending to the grid of Electricity
Generating Authority of Thailand.

354 Operation by mode of production

The Project’s operation can be described as follows:
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(1) Start up phase: The Project will ignite the burner and pre-heat the combustion
chamber by using biomass fuel that mixed with diesel until ignited. Later, increase the ratio of the
biomass fuel up to 100% and blow excess air to the chamber at the same time. This operation will help
to prevent incomplete combustion of the fuel because there is a fuel feeding system that able to spread

the fuel all over the chamber together with excess air. This will lead to complete combustion.

(2) Non-production phase: The Project will reduce the production capacity together
with reducing the fuel feeding to the chamber until the fuel that left in the chamber is combusted and
the combustion stops itself. Every fan will still be run until the fuel is fully combusted. This operation
will help to prevent incomplete combustion because the combustion chamber will not be suddenly

stopped when there is fuel left in the chamber.

(3) The case of malfunction/abnormality can occur in two cases as follows:

Case 1: Turbine trip In this case, the Project will immediately use the electricity from
the Electricity Generating Authority of Thailand. The air pollutants will remain in the system. After

receiving power from the grid, the system will capable to treat the pollutants that left in the system.

Case 2: Failure of dust trapping equipment In the case of failure of the equipment

and resulting in higher value than the control level, the Project will stop the power production and fix
immediately to bring the situation back to normal. Moreover, the Project provides a preventive
maintenance plan to prevent such problems. Furthermore, the Project provides important spare parts
of the dust trapping system in order to get it fixed quickly.

3.6 Infrastructure and utility

3.6.1 Water

(1) Water source
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There are two main water sources as follows:

1) Rainwater in the reservoir with the quantity of approximately 29,226.6 cubic
meters/year. The Project has a water reservoir with a capacity of approximately 370,000 cubic meters.

Cross-sectional drawing of the water reservoir is illustrated in Figure 3.6.1-1.

2) Water from Nathawee canal, the water will be stored in the raw water reservoir
(370,000 cubic meters). The permit is shown in Appendix 3-5. Cross-sectional of Nathawee canal and

water pumping level of 0.15 meter from the bottom of the canal is shown in Figure 3.6.1-2.
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(2) Water treatment

The Project’s water treatment flowcharts are shown in Figure 3.6.1-3 and Figure 3.6.1-4 (water treatment process diagram is shown in Figure 3.6.1-5) and

can be summarized as follows:

1) Water treatment process
The water treatment process begins with the pumping of water from the reservoir to the clarifier with a capacity of 100 cubic meter/hour and store in a clear water
tank with a capacity of 1,800 cubic meters (sludge from the clarifier will be sent to the filter press system). Later, the water will be sent to the two sets of the multimedia filter with the
rate of 15 cubic meters/hour each, the total capacity of 30 cubic meters/hour (600 cubic meters/day, calculated from 20 hours continuously). After that, it will be stored in the filtrated

water tank with a capacity of 100 cubic meters to be used for general activities. Part of it will be sent to carbon filtration system to produce demineralized water.

2) Demineralization water process
Water from the filtrated water tank will be sent to two sets of carbon filtration system with a capacity of 15 cubic meter/hour prior sending to the two set reverse
osmosis (RO) step one system with a capacity of 10 cubic meters/hour each (20 cubic meters/hour). Later it will be retained in an RO buffer tank with a capacity of one cubic meter prior
sending to the two sets of RO system step two with a capacity of eight cubic meters/hour each (16 cubic meters/hour). After that, it will be sent to the two sets of degas system prior store
in an RO water tank with a capacity of 20 cubic meters before sending to the two sets of EDI (Electro De-Ionization) system. Cation and anion will be trapped out. Demineralized water

will be stored in a demineralized water tank with a capacity of 20 cubic meters. It will be used in the laboratory and the boiler of the Project.

(3) Water consumption

Water balance of the Project is shown in Figure 3.6.1-6 and can be summarized as Table 3.6.1-1

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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Table 3.6.1-1

Water consumption

Consumption rate
Purpose Type of water
(cubic meter/day)
(1) Office/canteen Sand filtered water 35
(2) Cleaning of floor/equipment Tap water 35
(3) Laboratory Tap water 40.3
(4) Make up water at the cooling Sand filtered water 2,045.6
tower
(5) Make up water at the boiler Demineralized water 120

3.6.2 Study of adequacy and security of water

Chana Green Power Plant is located at Ku Subdistrict, Chana District, Songkhla Province.
The Project covers the area of approximately 0.28 square kilometers of Nathawee canal water basin
which is part of southeast water basin as shown in Figure 3.6.2-1. Nathawee canal water basin is
part of the southeast water basin in which covers about 1,571.28 square kilometers of land. The water
basin covers most of the area of Nathawee District, Chana District, and part of Muang District, Thapha

District, Namom District, Sadao District, Hatyai District, and Sabayoi District of Songkhla Province.

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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. . District bound
From the Project’s water balance, the analysis and prc et boundaty

throughout a year over the period of 25 years can be done, detail waer fine

)

Water usage

Nathawee canal water basin

rity of water

The Consultant used the following criteria for the forecasting of situation and trend

of water usage in the area of Nathawee Subdistrict and Chana District.
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(2) Water balance analysis

The results of runoff water analysis were used in the analysis of water balance of
Nathawee canal from upstream at X.42 station to the Gulf of Thailand. The demand of water for various
purposes was taken into account. The water demand in the area of Nathawee water basin over the
period of the next 30 years are demand for water supply production of Nathawee Provincial
Waterworks of 1.63 million cubic meters/year, water demand for consumption of the population in the
area of Nathawee District of 3.35 million cubic meters/year, water demand for agricultural purposes
of 98.89 million cubic meters/year, water demand for consumption of the population in the area of
Chana District of 4.98 million cubic meters/year, and water demand for downstream ecosystem

conservation for Nathawee water basin of 47.28 million cubic meters/year.

1) Analysis of the lowest water level that can be pumped

The data obtained from the survey of cross-sectional of Nathawee canal were
used in the preparation of rating curve to estimate the lowest water level that can be pumped. The
demands of water for downstream ecosystem conservation, irrigation of Chana floodgate during the
dry season, and Chana District community water supply were also taken into account. Consideration
of the rating curve found that the lowest water level that can be pumped at a confidence level of 80
percent at various depths are shown in Figure 3.6.2-6. It was found that the water level that can be
pumped after deducting by water demands and enough for the Project to pump (15,365 cubic

meter/day) starts at +5.35 msl or 0.15 meter from the bottom of the canal.

2) Summary of the lowest water level that can be pumped
From the study results, the conclusion can be drawn that the lowest water level
that the project can pump in consideration of ecosystem and downstream water demand is 0.15 meter
from the bottom of Nathawee canal. The water quantity is over 22,000 cubic meter. The pumping will
be done during the rainy season, October-December, and during the dry season, April-May, five
months in total. The Project will stop pumping in case that the water level is lower than the specified

lowest level.

The pumped water will be retained in the water reservoir in the Project that is
planned to store water to be sufficient for four months continuously. The results of the highest water

quantity that the project can pump are described in the next section.

(3) Analysis of the highest rate and period that can be pumped
Consideration of the net water runoff that the Project can pump over the period of the

past 30 years found that the lowest water runoff level left from other activities that the Project can use

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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rumoft data were used in the designing of the water reservoir of the Project as well as pumping rate,
The waier shortage in Mathawee canal at the Project arsa over a period of four months continuously

vy also comsidered.

3.60.2.3  Conclusion and recommendation
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purnping rate as follows:
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3.7 Pollution and control

B el LA UL e Comsuftent of Teclinelogy Conepany Limited



Environmental Impact Assessment Report

Chana Green Power Plant Project Chana Green Company Limited

3.71 Air pollution

(1)  Source of air pollution from combustion

1) Boiler

The Project will install a boiler with a capacity of 98 tons/hour (locations of boiler
and air pollution treatment system are shown in Figure 3.5.1-1). The boiler was designed in accordance
with the Notification of Ministry of Industry B.E.2547 on the standard of air emission from biomass
power plant (case of a new plant that the is approved after 1 October 2004). The Project also considered
the Notification of Ministry of Natural Resources and Environment on the standard of air emission
from new power plants B.E.2010. The design of the air pollution treatment system was done coherently
with the maximum capacity of the boiler. Thus, it can be ensured that the air pollution treatment system

of the Project will capable of supporting the maximum emission rate.

2) Design criteria of the air pollution treatment system
The emission rates shown in Table 3.7.1-1 have the concentrations that cover the
normal operation and the soot blow cases which are lower than the emission standard according to
Notification of the Ministry of Industry B.E.2547 on standard of air emission from biomass power plant
(case of new plant that the is approved after 1 October B.E.2547) and the Notification of Ministry of

Natural Resources and Environment on standard of air emission from new power plants B.E.2553.

3) Principle of the air pollution treatment system
The Project will design electrostatic precipitator or ESP to trap dust. Three ponds of
ESP will be connected in series. Two ponds will be operated at the same time while one pond will be stopped

to knock the dust. Thus, in the case of an emergency that one pond stop, the rest still working during fixing.

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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Table 3.7.1-1

Emission Loading in Varies Operation modes

Stack Emission Data Concentation Emission Loading
Source High Diameter Temp Velocity Flow Rate TSP SO, NOx TSP SO, NOx
(m) (m) (K°) (mis) Nm'ss)” (mg/Nm) (ppm) (ppm) @s) @9) @)

1. Stump 100%

53.49(ppm) Y 171 .4(ppm)] )

Normal
3.4/ 3.4/
1.1 40 2.20 403.15 20.74 74.28 85.73 163.97(mg/m’) | 163.97(mg/m ) 4710 7.690 17.710

1.2 |Soot blow 107.17"7125.39" 5850

2. Slab 100%

2.1 Normal 40 2.20 403.15 18.76 69.57 71.19 42.30 42.30 3.66 5.69 4.090

2.2 Soot blow 88.99 4.58

3. Stump 50% Slab 50%

3. Normal 40 2.20 403.15 19.20 71.26 71.26 48.33 118.00 3.750 6.660 11.690
3.2 Soot blow 89.08 4.690
Standard” 120 60 200 - ;
3/ 3 3 3
Standard 50 or up to 150 mg/m | 2000 mg/m 650 mg/m - - -
Remarks : ! Reference to dry condition, 250C, 1 atm.,and 7% Excess Oxygen

Y Notification of the Ministry of Industry B.E2547. (at 1 atm, 25 degC, 7% O,)
¥ IFC EHS General Guidelines: Small Combustion Facilities Emissions Guidelines GMWth — 50MWth) (at 1 atm,0 degC, 6%0O,)

4
Reference to dry condition, OOC. 1 atm., and 6% Excess Oxygen
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The principle of the electrostatic precipitator or ESP is that it will be operated all the time
and one pond will be stopped to knock off the dust. Each pond has electrode to spread electric charge to the
dust. When the dust passes through the dust collecting plate which has opposite charge, dust will be trapped
on the plate. After dust knocking off to the hopper, the electric field will be cut. Later, dust will be sent out
on a conveyer while another two ponds are still working. This will be automatically operated. In case that

one pond is a malfunction, there are more ponds still running all the time.

4) Soot blow from boiler
Soot will be blown out during boiler running because soot from combustion will
adhere on the surface of the gas pipe. When the thick soot accumulated on the pipe causes decreasing of
heat exchange efficiency. Therefore, to maintain the boiler efficiency, soot must be blow out by using steam.
The blown soot will go with off gas, resulting in higher dust concentration. The soot blow assumption is
twice a day for approximately ten minutes/set. There are eight sets of soot blow which will be alternate
work in the case of air pollution treatment system failure. The pressure of steam used for sort blow is

approximately 15 bar.

5) Safely shutdown of boiler
In the case of the problem of the air pollution treatment system during operation,
the operator will shut down the system to investigate and fix the problem according to the working
procedure. Reduction or shutdown of the system will be done under the approval of an engineer who

controls the boiler. When the system is ready, the Project will restart the process.

In the operation, if it is necessary to stop the system, the operation will turn to
boiler interlock bypass mode at DCS ( Distributed Control Systems) system in the control room. The

boiler will be stopped to investigate and fix the problem. The following are steps of boiler shutdown.

(a) Stop fuel feeding to the combustion chamber, it can be done in less than one

minute after the command to stop the boiler

(b) Stop boiler feed water pump
(¢) Stop spreader fan, primary FDF (Forced Draft Fan), secondary FDF, and IDF
(Induced Draft Fan), respectively

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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Nevertheless, the whole system of the Project can be stopped within five

minutes. However, the fuel will be left in the combustion chamber and combustion will last for a
period of time until there is no fuel which will take approximately 30 minutes.
6) Preventive measure of the air pollution treatment system

The Project provided an operational manual of the boiler in order to prevent

problems on the ESP. Details are as follows:

(a) To reduce risk to the process and environmental impacts due to malfunction
of equipment, the Project provided a preventive maintenance program for the boiler, air pollution
treatment system, and related equipment. The preventive maintenance program consists of routine

inspection and annual inspection plans.

The Project will also provide necessary spare parts of the ESP for the case of
fixing of the ESP. All parts will be installed at the ESP. They are consisted of the following:

a) Rapping Cam Roller 3 sets
b) Rapping Bellows 3 sets

c¢) Fuse for Lamp 3 sets

(b) The Project will provide a staff with knowledge and experience on controlling

of air pollution treatment system in complying with the Notification of the Department of Industrial Works

(c) Inspection and solving practices will be set for the operation of the boiler

coherent with the designer recommendations

(2) Source of air pollution other than combustion
Other than the main source of air pollution from combustion mentioned above, there are
other activities that may cause air pollution namely, fuel storage, distribution of fuel to the boiler combustion
chamber, distribution of ash from the combustion chamber, distribution of ash from the ash dumping pond,

and ash disposal pond.

1) Fuel storage
The fuel will be stored in an open yard. After shredded to small pieces, they will be
kept in a storage building prior feeding to the combustion chamber. Nevertheless, the fuels kept on the yard

are big lumber. Thus, there is no dispersion of dust from the fuel storage.
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2) Distribution of fuel to the boiler combustion chamber
The Project will provide a close system over the conveyor. It will help reducing the
dispersion of dust during the distribution of fuel to the combustion chamber. Moreover, the Project will set

an operational practice to reduce dispersion of dust at the boiler building area as follows:

(a) Operator whose control the conveyor shall inspect the system in the good

conditions all the times

(b) Clean by sweeping of fuel residue every day to prevent accumulation and spread

of the fuel

3) Distribution of ash from the combustion chamber and distribution of ash to the

disposal pond and farmers
Ash is generated from the boiler can be classified into two types, bottom ash and
fly ash. Ash from the combustion chamber is not classified as hazardous waste under Thai Law. The

project has developed Guideline for Ash utilization of Chana project (refer to the attached file).

(a) Fly ash from the ESP that is knocked to the hopper will go to the rotary to
prevent the ash from mixing with the off gas. Later, the ash will be distributed by the wet ash conveying

system to go with the bottom ash.

(b) Bottom ash is generated from the combustion of the boiler and fall to the
bottom of the chamber and flows to wet ash conveying system and then into the ash dumping pond
with a capacity of 23 cubic meters (Figure 3.5.3-4). The water that the ash is separated out will
circulate to the wet ash conveying system. The separated ash from the ash dumping pond will be sent
to ash disposal pond in the Project. The pond has a capacity of approximately 10,000 cubic meters.
Each pond is able to dispose of the ash for two years. Details are described in waste management

section, section 3.7.3.

Ash from the combustion chamber is not classified as Hazardous waste follow Thai Law. The

generated ash will be sampled and tested to confirm its suitability prior to use as soil conditioner.

(3) Management of odor from the fuel yard
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In order to prevent odor from the fuel yard, the Project has set preventive measures as

follows:

1) The Project will construct a drainage gutter around the fuel yard to prevent
accumulation of moisture in the fuel pile. The floor is designed to have a slope to let water flow to the
settling pond with a capacity of 5,365 cubic meters. The water will be reused.

2) The fuel residue in the gutter around the fuel storage yard will be collected to

prevent blocking.

3) The Project will plant trees to serve as buffer zone to prevent dispersion of odor

and dust that possibly will have impacts on the surrounding communities.

3.7.2 Wastewater and control

Wastewater from the Project can be classified into 5 types, wastewater from consumption of
the workers, wastewater from the process and support system, contaminated rainwater, runoff from the
fuel yard, and leachate from the ash disposal pond. Details are shown in Table 3.7.2-1 and can be

described as follows:

(1)  Source and quantity of wastewater

1) Wastewater from consumption of workers
Wastewater from buildings which are an administration building, a control
building, a water treatment control building, a workshop and warehouse building, and a guard house is
approximately 35 cubic meters/day maximum. This wastewater will be treated in the septic tank until
Biological Oxygen Demand (BOD) concentration is below 20 milligrams/liter prior discharging to the
low concentration wastewater treatment system. The management is described in the wastewater

management section.

2) Wastewater from the process and support system

(a) Wastewater from the water treatment plant is approximately 47.5 cubic
meters/day. It will be sent to waste water holding pond. The management is described in the wastewater

management section.
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(b) Blowdown from the boiler of 101.2 cubic meters/day will be sent to use as

raw water in the Project.

(c) Cooling tower blowdown of 409.1 cubic meters/day in cooling tower basin

will be waste water holding pond. The management is described in the wastewater management section.
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Table 3.7.2-1

Waste Water
Source Quantity (m3/day) Treatment method
1.  Wastewater from consumption of workers 35.0 This wastewater will be treated in the septic tank until BOD
concentration is below 20 milligrams/liter sending to
Waste water Holding Pond
2. Wastewater from the process and support system
- Wastewater from the water treatment plant 47.5 sent to wastewater treatment system
- Blowdown 101.2 sent to use as raw water in the Project
- Cooling tower blowdown 409.1 sent low concentration wastewater treatment system
- Wastewater from the laboratory and wastewater 8.0 sent to neutralization pit prior sending to the low concentration
from chemicals mixing area wastewater treatment system
- Wastewater from root washing, trucks cleaning, 250.0 sent to the wastewater treatment system prior sending to
and fuel yard cleaning the waste water holding pond
3. Oil contaminated wastewater 80.00 To trap oil out of the water. Oil on the surface will be collected in a
Rainwater in the area of the first 15 minutes and (m3/first 15 minutes) closed 200 liters container in thewaste storage building. It will be
fire water used in the area disposed of by a waste disposer that is approved by Department of
Power generator, steam generator, big water pump Industrial Works. The wastewater that contains less than five
of cooling tower, small water pump, and milligrams/liter of oil
maintenance building areas
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Table 3.7.2-1 (Cont)

Source Quantity (ms/day) Treatment method
4.  Fuelyard runoff 4,538.55 Rainwater will flow to the gutter and the settling pond with a
m3/3 hr capacity of 5,365 cubic meters. In the pond, floating
surface aeration will beused to aerate prior recirculate to wash
trucks and fuel yard floor.
5. Ash disposal pond leachate
- Leachate from the disposal pond 831.83 The Project also designed water a retention pond with a capacity
m3/3 hr of 4,842 cubic meters equip with a floating surface aeration system

prior recirculate to wash trucks and fuel yard floor.

Source : Chana Green Company Limited, 2016
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(d) Wastewater from the laboratory and wastewater from chemicals mixing area
of 8.0 cubic meters/day will be sent to equalizing pond prior sending to waste water holding pond. The

management is described in the wastewater management section.

(e) Wastewater from root washing, trucks cleaning, and fuel yard cleaning of
250.0 cubic meters/day will be sent to wastewater treatment system. The management is described in

the wastewater management section.

3) Oil-contaminated water

Oil contaminated wastewater is generated from many areas which are
transformer, power generator, steam generator, big water pump of cooling tower, small water pump,
and maintenance building areas. Oil contaminated wastewater is generated by two cases, rainwater in
the area of the first 15 minutes and fire water used in the area. The Project will separate oil-
contaminated wastewater prior sending to central oil separator which is designed to separate oil out of
water until the concentration is less than five milligrams/liter to comply with the Notification of the
Ministry of Natural Resources and Environment (B.E.2559) on industrial effluent standard for
industry, industrial estate, and industrial zone and Notification of Ministry of Industry No.2 (B.E.2539)

on industrial effluent standard.

From the calculation of oil-contaminated wastewater by area (Appendix 3-6) as
shown in Table 3.7.2-2 and Table 3.7.2-3, it was found that the oil-contaminated wastewater of 78.26
cubic meters will be collected in an oil trap with a capacity of 100 cubic meters to trap oil out of the
water. Oil on the surface will be collected in a closed 200 liters container in the waste storage building.
It will be disposed of by a waste disposer that is approved by Department of Industrial Works. The
wastewater that contains less than five milligrams/liter of oil will be sent to Waste Water Holding

Pond.

4) Fuel yard runoff
Runoff at the fuel yard (32,300) has a quantity of 4,538.55 cubic meter/three hours.
The Project designed a settling pond that is able to separate dust from the water continuously over the period
of three hours (Figure 3.7.2-1). Rainwater will flow to the gutter and the settling pond with a capacity of
5,365 cubic meters. (The design is small compared to the water volume) In the pond, floating surface
aeration will be used to aerate (data of the aerator and detail of the design are needed, due to wastewater
treatment system calculation sheet, this wastewater will not be treated by other means, so, need to prove

that treated wastewater is met with standard) prior recirculate to wash trucks and fuel yard floor.
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Table 3.7.2-2

Oil contaminated rainfall: Calculate by area

Oil contaminated rainfall | Oil contaminated rainfall
Drainage area Rain intensity
Source Coefficient from Equation 1 first 15 minutes
(m") (mm/hr) (m’/hr) (m))
1. Power Block Area
Power Transfermer 72 0.9 117 7.58 1.9
Auxiliry Transfermer 65 0.9 117 6.84 1.71
2. Generator and Steam Generator area
Boiler combusion area 93 0.9 117 9.79 245
Boiler feed water pump A/B 120 0.9 117 12.64 3.16
3. Main Cooling tower and Pump
Main coolling water pumps 186 0.9 117 19.59 4.9
4. Treated water pump area
Treated water pump 75 0.9 117 7.90 1.97
Fire water pump 20 0.9 117 2.11 0.53
5. Workshop and Warehouse
Lubrication Oil Storage Area 25 0.9 117 2.63 0.66
Diesel tank for mobile Truck & Forklift 120 0.9 117 12.64 3.16
Total 776 - - 81.72 20.44

Source : Chana Green Company Limited, 2016
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Fire water used at the transformer area (oil contaminate) : calculate by area for Deluge System

Table 3.7.2-3

The amount of water used for firefighting

Amount of fire water

Source From NFPA15 standard Area (oil contaminate) 30 minutes
(ms/hr/mz) (mz) (ms)
1. Power Block Area
Power Transfermer 0.612 22 6.732
Auxiliry Transfermer 0.612 25 7.65
Diesel engine generator oil storage tank 0.612
2. Generator and Steam Generator area
STG lube oil containment 0.612 29 8.874
Boiler feed water pump A/B 0.612 93 28.458
3. Treated water pump area
Fire water pump 0.612 20 6.12
3N - - 57.834

Source : Chana Green Company Limited, 2016
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5) Ash disposal pond leachate
Leachate from the disposal pond of the Project (33,600 square meters) can be
divided into two categories, rainwater on the disposal pond and rainwater on another area of the
disposal pond of 831.83 cubic meters/three hours each (calculated from the same size of the area). The
Project designed a water retention pond with a capacity of 4,842 cubic meters as shown in Figure
3.7.2-2. The Project also designed an ash settling pond with a capacity of 4,842 cubic meters equip
with a floating surface aeration system as shown in Figure 3.7.2-3 prior recirculate to wash trucks and

fuel yard floor.

(2) Wastewater treatment system

1) Septic tank
The Project will provide bathrooms and toilets in various places namely administration
building, control building, water treatment control building, workshop and warehouse building, and guard
house. Septic tanks will be installed to pre-treat wastewater generated from these buildings. According to the
Ministerial Regulation issued under Building Act B.E.2552, the wastewater must be pre-treated before sending
to low concentration wastewater treatment. The assumption used in the designing of the septic tanks was that

BOD concentration in the influent is 260 milligrams/liter and effluent is below 20 milligrams/liter.

2) Oil trap system

Oil-contaminated water will be generated from rain over the contaminated area for
the period of 15 minutes and fire water used at the transformer area, power generator area, steam
generator area, big water pump area at cooling tower, small pump area, and maintenance building area.
Oil contaminated wastewater with the quantity of 78.26 cubic meters will be collected and sent to the
central oil separator with a capacity of 100 cubic meters. Oil will be trapped by the barriers in the pond.
According to the design, concentration of oil in the effluent is less than five milligrams/liter which comply
with the Notification of the Ministry of Natural Resources and Environment (B.E.2559) on industrial
effluent standard for industry, industrial estate, and industrial zone and Notification of Ministry of
Industry No.2 (B.E.2539) on industrial effluent standard (efficiency calculation sheet is shown in
Appendix 3-9).
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The trapped oil will be collected in a close 200 liters container in the waste storage
building prior sending to dispose of by waste disposer with approval from the Department of Industrial

Works.
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2) Wastewater treatment system for Wastewater from root washing, trucks

cleaning, and fuel yard cleaning
Waste water from root and truck washing and wastewater from fuel yard washing.
It will be collected in high BOD EQ pond with a capacity of 260 cubic meters. Later, it will be treated

in an upflow anaerobic filter tank follow by aeration tank.

Wastewater management diagram is shown in Figure 3.7.2-4. Location of the high-

concentration wastewater treatment system is shown in Figure 3.2.1-1 (No.23) and Figure 3.4.2-5.

Assumptions used in the design of the wastewater treatment system are as

follows:

- Wastewater quantity 250 cubic meters/day
- Influent COD 300 milligrams/liter
- Effluent COD less than 120 milligrams/liter
- Influent BOD 80 milligrams/liter
- Effluent BOD less than 20 milligrams/liter

The wastewater will be collected to the EQ pond which able to retain for one day
(260 cubic meters). Later, it will be sent to an upflow anaerobic filter tank. The dimension of the tank is
six meters width, ten meters length, and three meters height. There is a media filter with a thickness of
one meter and 2.6 meters height for water. The total water volume in the tank is 156 cubic meters.
Microorganisms in the tank will digest organic materials resulting in reducing BOD concentration from
80 milligrams/liter to 32 milligrams/liter. After that, it will be sent to an aeration lagoon with a capacity
of 217 cubic meters equip with an aerator with a capacity of 2.07 cubic meter/hour. After aerated, BOD
concentration will be reduced to below 20 milligrams/liter. Then it will be sent to wastewater holding

pond.

3) Wastewater Collection System
Wastewater will be collected to wastewater holding pond with a capacity of 900 cubic
meters (Figure 3.7.2-6). Later, it will be sent to an inspection tank where pH, temperature, and conductivity
will be automatically measured. Treated wastewater will be discharged to the Nathawee Canal, unless water
quality of those treated wastewater is not follow the wastewater quality standard. Poor quality wastewater
will be pumped to emergency pond (capacity of 900 cubic meters Figure 3.7.2-7) will has capacity to
collect wastewater for 1 day to find a proper solution such as neutralized pH in the emergency pond,

temperature adjustment, or resending those wastewater to fresh water reservoir for

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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sedimentation and maintaining conductivity before reuse as recycling wastewater. In case of untreated

wastewater over 1 day, the project will ask for wastewater treatment from authorized organizations.

During the dry season the water level in Nathawee Canal a little. The sewerage treatment
may affect water resources. The project was designed Watse Water Holding Pond Dry Season paved

with HDPE capacity of 58,820 cubic meters (Figure 2.7.2-8).

3.7.3 Waste and management

(1) Concept of 3R
The Project applied the 3R concept to the Project waste management. It gives benefit to the
Project due to reducing the burden of waste management. It also response to the government policy.The

concept can be described as follows:

1) REUSE: It is the use of waste from sorting process that is cleaned, fixed, or using other
similar activities that the materials can be used for the same purpose. The examples are using two sides of a
paper prior discard, using of used envelope, the use of recirculated water in the production process, and using

of treated wastewater for gardening.

2) RECYCLE: It is the use of waste from sorting process that passes through a process
or an activity to utilize that waste as a raw material to produce a new product. In the case of the Project, there
is no concrete operation on recycling. However, the Project has a policy that supports this concept such as

training the workers about recycling and sort the waste before donate or sale to be recycled.

3) REDUCE: It is to control, prevent, or reduce the generation of waste by using
appropriate and effective process, steps, technique, and technology which are generally accepted that
will not cause impacts on the environment and health. The examples are rejected the use of foam
material in the office, managing of the document by a central document section to reduce copying of
document which resulting in reducing the use of ink and paper, the use od rechargeable battery, and

the use of refill packaging for floor and toilet cleaning agent.

(2) Type, quantity, and management
Types of waste based on the Notification of the Department of Industrial Works
on waste or unused material disposal B.E.2548 and Public Health Act (No.2) B.E.2550 can be

summarized in Table 3.7.3-1 and can be described as follows:
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Table 3.7.3-1

Management

Type of solid waste from

Notification of Ministry of Industryonwaste

% Recycle/Reused/

Source Quantity Container Storage Area Disposal method
or unused material disposal B.E.2548 Reduce
1.Waste from consumption of worker not required to follow the Notification of Ministry of 65 kilograms/day 10% Reuse sorting at the waste containers sending to Baan Na Municipality to dispose
Industryonwaste or unused material disposal B.E.2548 but 10% Recycle generating source of waste
must comply with the Public Health Act (No.2) B.E.2550 10% Reduce container

2. Industrial waste
2.1 HA (Hazardous Waste-Absolute entry)
(1) Used lubricant oil from maintenance

(including of container) and oil from oil separator

(2) Used chemical containers

2.2 Non-hazardous waste

(1) Ash from the boiler combustion chamber

(2) Deteriorated membrane and activated carbon from

water treatment system

(3) Sludge from water treatment system

13 02 08 (waste engine, gear, and lubricating oils)

and 13 05 06 (oil from oil/water separators)

1501 (packaging) 15 01 05 (composite packaging)

1001 01 (bottom ash, slag and boiler dust (excluding boiler
dust mentioned in 10 01 04)) and 19 80 02 (solid wastes,

such as particulates collected from air pollution controlsystem)

19 09 05 (saturated or spent ion exchange resins)

19 09 02 (sludges from water clarification)

100 % External Recycle

3 tons/year

0.2 tons/year -

100 % External Recycle

5,000 tons/year

1,200 liters/year -

3
1m /year

closed 200 liters containers

hazardous waste containers

ash disposal pond

closed 200 liters containers

closed 200 liters containers

waste storage building

waste storage building

ash disposal pond

ash dumping pond

waste storage building

water treatement plant

area

sending to dispose of by waste disposers
with an approval by the Department of

Industrial Works

sending to dispose of by waste disposers
with an approval by the Department of

Industrial Works

given to farmers for soil conditioning or

can be used to produce fertilizer or bricks

sending to dispose of by waste disposers
with an approval by the Department of

Industrial Works

sending to dispose of by waste disposers
with an approval by the Department of

Industrial Works
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1) Waste from consumption of worker

General waste generated from the office building and routine activities of
workers. The majority of waste are paper, unused material, and food residue with the quantity of
approximately 65 kilograms/day or 21 tons/year (calculated from waste generate of 1.0
kilogram/person/day x number of workers of 65 persons). This category of waste is not required to
follow the Notification of Ministry of Industry on waste or unused material disposal B.E.2548 but must
comply with the Public Health Act (No.2) B.E.2550. The Project has the policy to recycle this category
of waste as must as possible. Waste from sorting at the generating source will be collected in waste
containers provided in the area. The containers have a capacity of 200 liters each. There is three type
of waste containers, wet waste, dry waste, and hazardous waste. In this step, waste will be sorted again

prior sending to Baan Na Municipality to dispose. (Appendix 3-7).

2) Industrial waste
Industrial waste generated from the Project can be classified into two categories as

follows:

(a) Hazardous waste-absolute entry

a) Used lubricant oil from maintenance (including of container) and oil
from oil separator are hazardous wastes in the waste code 13 02 08 (waste engine, gear, and
lubricating oils) and 13 05 06 (oil from oil/water separators) in according to the Notification of Ministry
of Industry on waste or unused material disposal B.E.2548 issued under Factory Act B.E.2535.
The quantity of hazardous waste is approximately 3 ton/year. It will be collected in closed 200
liters containers in waste storage building before sending to dispose of by waste disposers with

an approval by the Department of Industrial Works.

b) Used chemical containers are classified as hazardous waste with the
waste code 15 01 (packaging) 15 01 05 (composite packaging) in according to the Notification of
Ministry of Industry on waste or unused material disposal B.E.2548. The quantity of the hazardous
waste is approximately 0.2 ton/year. It will be collected in hazardous waste containers in waste storage
building before sending to dispose of by waste disposers with an approval by the Department of

Industrial Works.
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(b) Non-hazardous waste

a) Ash from the boiler combustion chamber can be categorized into
two types, fly ash and bottom ash. It is a waste of the waste code 10 01 01 (bottom ash, slag and
boiler dust (excluding boiler dust mentioned in 10 01 04)) and 19 80 02 (solid wastes, such as
particulates collected from air pollution control system) in according to the Notification of Ministry
of Industry on waste or unused material disposal B.E.2548 issued under Factory Act B.E.2535. It is
a non-hazardous waste with a quantity of approximately 5,000 tons/year. Ash is generated from the
combustion of the boiler and fall to the bottom of the chamber and flows to wet ash conveying
system and ash dumping pond with a capacity of 23 cubic meters (Figure 3.5.3-4). The water that
is separated out from the water will circulate to the wet ash conveying system. The collected ash
will be disposed of in the ash disposal pond in the Project with a capacity of approximately 10,000
cubic meters each pond. One pond can serve for two years. The ash disposal pond will be lined
with HDPE as shown in Figure 3.7.3-1. The generated ash will be given to farmers for soil
conditioning or can be used to produce fertilizer or bricks. Trucks will be used to transport the

ash, the wheels will be cleaned prior to leaving the Project.

Nevertheless, the Project will construct two ponds of the disposal pond
at a time (one pond is a spare pond). In case that the pond is filled up and no utilization of the ash, the
Project will close the pond with HDPE, fill up with soil, and plant grass over the pond as shown in
Figure 3.7.3-2. The Project’s ash disposal pond covers an area of 33,600 square meters or 21 rai that

can dispose of ash for more than 5 years.

b) Deteriorated membrane and activated carbon from water treatment
system are classified as non-hazardous waste in a group of 19 09, wastes from the preparation of water
intended for human consumption or water for industrial use. It is a waste of the waste code 19 09 05
(saturated or spent ion exchange resins) in according to the Notification of Ministry of Industry on
waste or unused material disposal B.E.2548. It is a non-hazardous waste with a quantity of
approximately 1,200 liters/year. It will be collected in closed 200 liters containers in waste storage
building before sending to dispose of by waste disposers with an approval by the Department of

Industrial Works.

c) Sludge from water treatment system is classified as non-hazardous
waste in a group of 19 09, wastes from the preparation of water intended for human consumption or
water for industrial use. It is a waste of the waste code 19 09 02 (sludge from water clarification)

in according to the Notification of Ministry of Industry on waste or unused material disposal

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited



Environmental Impact Assessment Report

Chana Green Power Plant Project

Chana Green Company Limited

(s

e

Figure 3.7.3-1 Ash Disposal Pond

405918/Chana/CHAPTER 3/59

Consultant of Technology Company Limited



Grass

' Soil 30 mm.

HDPE 1 mm.

-f :

Figure 3.7.3-2 Ash Disposal




Environmental Impact Assessment Report

Chana Green Power Plant Project Chana Green Company Limited

B.E.2548. It is a non-hazardous waste with a quantity of approximately one cubic meter/year. It will

be disposed of by a waste disposer with an approval by the Department of Industrial Works.

(2) Waste storage building

The waste storage building will be constructed on an area of 112 square meters
(Figure 3.7.3-3). It is an open building with a roof to store wastes for less than 90 days before sending
out to dispose of. Wastes will be stored separately by type. Labels will be provided. The operation will
comply with the Notification of the Ministry of Industry on hazardous waste manifest system
B.E.2547. The building will be weekly monitored. The Project will provide a fire extinguisher to be
prepared in case of fire. Furthermore, a sump will be provided to collect washed water in case of
leakage. However, the waste transfer will not be at the same time for all wastes. normally, the Project
will contact the waste disposer to bring the waste out immediately after the transfer. Wastes will be
stored over a short period of time before the waste disposer to pick up waste. In addition, there are
many waste disposers presently. Thus, the Project has more options to dispose of the wastes without

keeping them in the Project for a long period of time.

3.7.4 Noise level

(1) Source of noise
Sources of noise from the Project are machinery and equipment which are a boiler
with a capacity of 98 ton/hour, a power generator with a capacity of 25 MW, and a cooling tower. Each
production unit was designed to generate noise during normal operation of not over 85 dB(A) at a
distance of one meter from the machine. At the shredder building, it was designed to generate noise of

not over 85 dB(A) at of one meter from outside of the shredder building.

(2) Management
In the area that generates loud noise, the Project will set a plan to put warning signs
for the workers to be aware and use personal protective equipment for their own safety. Normally, the
workers will work in the area for some time only for inspection and the process record. In the design
phase, the Project set a preventive measure to prevent noise impacts by reducing the noise level at

source by laying of machine and equipment according to engineering and safety principles.

Moreover, the Project will control the noise level at the distance of one meter from the
Project fence not to higher than 70 dB(A) in accordance with the Notification of the Ministry of Industry on

noise level and noise from industrial operation B.E.2548. As indicated earlier, mitigation measures detailed in
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the EMP will be applied to comply with Thai law and IFC guidelines, as required, and strict monitoring

activities will be done to check progress of EMP implementation.
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38 Water drainage system and flood prevention

3.8.1 Water drainage system

From the survey and contour line of the area that the Project considered in the design and
construction of the Project (Figure 3.8.1-1). The water reservoir will be used to slow the water flow and
unchanged from the existing. Moreover, the Project will construct water drainage system in the area that the
flow direction complies with the terrain. It is a separate system that wastewater and rainwater will be
collected separately as shown in Figure 3.8.1-2. Wastewater of the Project will flow through the wastewater

gutter to the wastewater treatment system.

Nevertheless, the assessment to retain rainwater was done by considering the overall picture

of the area. The Rational Method was used as follow:

Q = 0278x10°CIA

Q = Peak discharge (cubic meter/second)
C = Runoff coefficient

I = Rainfall intensity

A = Discharge area (square meter)

The discharge area was divided into three sub-areas, discharge area A, B, and C (Figure
3.8.1-3). From the calculation of rainwater retention of the Project (Appendix 3-8), it was found that
the rainwater quantity to be retained is 35,937.57 cubic meters/three hours. The Project will use the
reservoir with a capacity of 370,000 cubic meters for rainwater retention, it can be seen that the

reservoir is capable of receiving the rainwater.

382 Flood prevention

The study of flood problems along the main water bodies of Nathawee canal water basin is a

study of flood conditions in the past as well as in the future after the development of the Project. In this
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study, a mathematical model was used as a tool. Data were collected and input in the prepared model. The
model was modified for reliability before applying in this study of the flood. = The mathematical model
used in the flow direction of the flood in this study was MIKE11 which was developed by the Danish

Hydraulic Institute (DHI), Denmark. MIKE11 consists of many modules. MIKE11-HD and MIKE11-
NAM were used in this study.
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(1) Flood statistic
From the statistic of the flood in the southern region, it was found that the majority of
southern province faces with a high frequency of flood in which occur every year. For the Project area,
it was found that flood frequency was four-seven times in the past ten years or counted for 58.18

percent of the Project area as shown in Figure 3.8.2-1.

The results of the study are divided into three parts which are steady flow at recurrence
year 50, 100, and 200 years. From the longitudinal cross-sectional of the canal that flows from left to
right indicates the bottom level of the canal, the level of the left and right banks, and water level
calculated by the model. It was found that flood begins at the lower bank (right) at the level of +11.31,
+11.55, and 11.79 msl, respectively. Thus, flood prevention dyke that was designed at the level of

+12.00 msl can prevent flood in the area. There are two recommendations as flows:

1) Construction of dyke around the Project area to prevent flood with the height

of +12 msl (two meters) or about two meters from the ground

2) Construction of reservoir to receive runoff from rainfall in the Project area.
The capacity must be appropriate and capable of receiving the rainfall in the Project area. The
assessment of the runoff was done by using Rational Method. The Project will construct a water

reservoir with a capacity of 370,000 cubic meters.

(2) Flow direction of local flood before development of the Project
The study of the Project area by using Geographic Information Systems (GIS) found
that the flood flow direction before the Project development is accordance with the slope from south

to north. Thus, the flow of local flood direction is from south to north as shown in Figure 3.8.2-2.
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(3) Flood protection other Area
From T, that used recurrence of five years, the relationship of rain intensity-time
period-recurrence year are [=74.88 mm/h, C=0.30. Thus, Q = 1.87 cubic meters/second. From the
calculation Q = 1.99 cubic meters/second which is higher than 1.87 cubic meters/second. Thus, it is
acceptable. Therefore, the cross-sectional of the drain canal can be obtained as shown in Figure 3.8.2-

3.

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited



Environmental Impact Assessment Report

Chana Green Power Plant Project Chana Green Company Limited

I L

:::::"-'-'.'& .20 _J- :-:_'-i1_|1:'v;¢s}m ,-f‘i-’* I
Ty il
i e
e o
.,__:_'I'__,

=0.50=

Source: Analyzed by the Consultant

Figure 3.8.2-3 Cross-sectional of the drain canal to be improved

3.9 Project management
Organization chart of the Project is shown in Figure 3.9-1. The Project will employ 65

workers and the operation hours are divided into two shifts.
3.10 Occupational health and safety

3.10.1 Occupational health and safety and environmental policy
Chana Green Company Limited concerns on the live and health of the employees. Thus, the
Company aims to provide occupational health and safety and environmental practice along with the

working routine. The Company set the following policy.

(1)  Safety at work is the first duty of the workers in all levels.

(2) The Company will support the improvement of the working environment and will
provide appropriate and adequate personal protective equipment.

(3) The Company will support safety activities that will help encourage the safety
concern of the employees such as safety training and promoting.

(4)  The supervisor in all levels must be a good model and has a leadership to train the
employee about safety working.

(5)  All employees must concern about their own safety as well as colleagues and the
Company’s properties throughout the operation.

(6) Every employee must keep the working area clean.

(7)  Every employee must cooperate in occupational health and safety projects and be able

to give an opinion to improve the working conditions and operations.

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited
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(8) The Company will assess the risk of operational steps to prevent the danger that may
incur as a result of the operation.
(9) The Company will evaluate the occupational health and safety and environmental

operation according to the policy to achieve the highest efficiency of the operation.

3.10.2 Occupational health and safety and environmental committee

The Project will appoint an occupational health and safety and environmental committee in
accordance with the Ministerial Regulation (Ministry of labor) on the standard of occupational health
and safety and environmental management B.E.2549 (amended by the Ministerial Regulation
(Ministry of Labor) on the standard of occupational health and safety and environmental management
(No.2) B.E.2553. The regulations stated that a working place with higher than 50 employees must
provide an occupational health and safety and environmental committee. Thus, the Project has set the

responsibilities as follows:

(1)  Consideration of policies and plans related to safety at work as well as safety practice
beyond the work to prevent and reduce the chance of accident and illness or nuisance related to work
or unsafe conditions

(2) Report and recommend about measures or corrections that lead to the operation that
complies with safety laws and regulations to the employer to ensure safety of the employees,
contractor, and visitors

(3)  Support and promote safety activities in the work.

(4)  Consider the safety rules and manual as well as safety standard of the workplace and
report to the employer

(5)  Survey on safety practices in the workplace and investigate the accident statistic for
at least once a month

(6) Consider projects or plans related to safety training including of projects or plans
related to responsibility of the employer, management, supervisor, and all levels of employees to report
to the employer

(7)  Set a reporting system for unsafe conditions to be a duty of all levels employees

(8)  Keep tracking of the issues reported to the employer

(9)  Report the annual operation to the employer which includes problems, obstacles, and
recommendations of the committee

(10) Evaluate the safety operation of the workplace

(11) Work on safety related tasks assigned by the employer
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The regulations specified that the occupational health and safety and environmental
committee may vary depending on the size of the workplace. The project that will have about 65
employees must have a number of the committee of seven people at least. The committee consists of

a president, two management representatives, three employee representatives, and a secretary (safety

officer).

3.10.3 General rules

The safety office has set safety rules as follows:

oy
2
3)
4)
®)
(6)
(7
®)
©)
(10)
(11)
(12)
(13)
(14)
(15)

To work in the Project, the safety division has set a list of work that works permit is required,

as follows:

oy
2
3)

Wear helmet all the times in construction area

Wear shoes (rubber or canvas), slippers are prohibited

Wear safety goggles in welding, grinding, and concrete breaking work
Wear mask in presence of dust or air pollution

No smoking outside the designed area

Wear gloves in risky work such as steel cutting, steel holding, and sling binding
Wear protective equipment (earmuffs) when working in loud noise area
Wear safety belt when working on a high

Wear tight clothes and do not let shirt out of plants

Playing during work is prohibited

Keep equipment in place for safety reason

Check tools and equipment every time before work to ensure safety
Speed limit at 30 kilometers/hour in the Project area

Strictly follow the warning signs

Provide work permit system

Work at high
Hot work such as welding, cutting, grinding, and drilling that causes sparks

Confine space (confine space entry permit)

3.104 Safety annual plan

(1) Notify the name of safety officer in accordance with the Notification of Department

of Labor Protection and Welfare on rules and procedures to notify the name of safety officer and

reporting in case of injury, illness, or loss

405918/Chana/CHAPTER 3/59
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(2) Prepare a safety report of the safety officer and technical level safety officer (Jor Por.
(Wor) and Jor Por. (Thor) forms)

(3) Prepare a chemical details report in accordance with the Regulation of Ministry of Labor
on occupational health and safety and environmental management related to chemicals B.E.2556 article
2 (Sor Aor.1 form)

(4) Prepare a fire drill and firefighting report in accordance with the Regulation of Ministry
of Labor on occupational health and safety and environmental management related fire prevention and
suppression B.E.2555 article 30

(5) Provide training on following safety issues

1) Before work training for new employees and contractors

2) Personal protective equipment

3) Fundamental of the use of fire extinguishers and firefighting
4) Fundamental of fire drill and evacuation

5) Use of chemical and SDS

(6) Safety week

(7) Inspection of alarm and fire systems

(8) Investigation of accident, illness, or nuisance that has been reported and provide
recommendation to prevent such case

(9) Collect and analyze safety statistic and prepare the report with recommendations related

to hazard, illness, or nuisance

3.10.5 Personal protective equipment

(1) Providing of personal protective equipment
The Project has a policy related to personal protective equipment (Table 3.10.5-1). The
selection of personal protective equipment will be done by conducting a survey of type and number of
personal protective equipment required by the division. Personal protective equipment usage standard and

warning signs will be promoted among the workers. The inspection and evaluation of the use will be done

regularly.

(2) Training on personal protective equipment

1) New employees
The training course on the use and maintenance of personal protective equipment will

be provided for new employees. The training will be provided to the employees again every year.
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Table 3.10.5-1

Checklist for Personal Protective Equipment

Department
]
Z
=
P
£ 2
E g
= | 2| E
= % <
Type of devices g 20 ~= Remark

< =
gl =] ¢
2| 5| ¢
@ — = =
S| | €| O #
k> 5 ] > =
= ) (=% — ]
] = 51 Sy g
S| E| 2| 2| E
A = =) 2 =)
1 Safety Helmets DS D g ) ) o
2 Glasses * * * * *
3 Glasses Dimming * * * * D
4 Dimming Mask * * ¢ * O
5 Earplugs reduce noise ° [ [ [ o
6 Chemical Mask * * * * [
7 Mask ° Y [ [ *
8 Leather gloves * * ° ) *
9 Fabric gloves * * * * *
10 | Rubber glove g Y * * *
11 | Rubber boots * * * * *

12 Safety Shoes ® ® ® ® D DDon't need to use
13 | Safety Belt & Lift Line | X | K| K| KX
14 | Chemical protective apron g Y Y * *
15 Reflective vest D |:| * * *

Source : Chana Green Company Limited, 2016

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited



Environmental Impact Assessment Report

Chana Green Power Plant Project Chana Green Company Limited

2) General employees
For general employees, the Project will provide a training related to the type of
the personal protective equipment at the division that the equipment is used and will provide the same

training if the division request. This is to raise awareness of the practice.

3.10.6 Occupational health and safety welfare
The Project will operate in accordance with the Ministerial Regulation (Ministry of labor)
on welfare in workplace B.E.2548 which stated that a workplace with ten workers or higher must

provide adequate medical supplies and medicines for at least 29 items.

Nevertheless, the Project will provide medical supplies and medicines in order to comply
with the regulation above in the case of illness or injury. For severe injury, the Project will send the
injury to Chana Hospital which is the nearest hospital locates about seven kilometers from the Project.

It will take less than ten minutes to travel.

3.10.7  Health check

The Project will provide a health check for the new employees. For existing employees, the
project will provide an annual health check. This complies with Ministerial Regulation (Ministry of
labor) on rules and guideline on providing health check to workers B.E.2547 issued under Labor

Protection Act B.E.2541. Details of the annual health check are as follows:

- Expose to dust: check lung function
- Expose to loud noise: check hearing ability
- Expose to heat: check kidney function (BUN)

- Detailed work that required to use eyes for long: check visual performance

Nevertheless, detail of the health check will be depending on an occupational medicine
doctor or a doctor that qualified with the criteria specified by the General Director of Department of

Labor Protection and Welfare.

Moreover, in order to prevent the health impacts of the employees, the Consultant has set

measures for the Project to implement as follows:

(1) Check the health of the new employees before work and provide annual health check in

accordance with the risk
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(2)  Check the health of employees in which the checking details are depending on an
occupational medicine doctor or a doctor that qualified with the criteria specified by the General

Director of Department of Labor Protection and Welfare

(3)  Analyze the relationship of the checked results with the environmental conditions
every year to find out cause of abnormal found whether or not relating to the working environment, if

yes, fix the problem and appropriately help the affected employee in case by case basis

3.10.8 Installation and testing of fire equipment

(1) Installation of fire equipment
The design of the Project’s alarm and fire system was done in accordance with the
standards of Engineering Institute of Thailand under the H.M. the King’s Patronage, Notification of
the Ministry of Industry on fire prevention and suppression B.E.2552, NFPA, and Regulation of
Ministry of Labor on occupational health and safety and environmental management related fire

prevention and suppression B.E.2555.

The layout of fire pipes and fire equipment of the Project as well as firefighting radius
are shown in Figure 3.10.8-1 and Figure 3.10.8-2, respectively. The design of firefighting equipment is

shown in Table 3.10.8-1 and can be summarized as follows:

(2) Firewater
The quantity of fire water was considered based on a group of building and fire water
pipe. It was used to calculate the quantity of fire water and size of the fire pump. The design was done

to cover the whole Project area as follows:

1) Water source is the water reservoir with a capacity of 270,000 cubic meters

2) Install a set of diesel fire pump with a capacity of 1,250 gallons/minute with a
pressure of nine bar, a set of electric fire pump with a capacity of 1,250 gallons/minute with a pressure
of nine bar, and a set of electric jockey pump with a capacity of 50 gallons/minute with a pressure of

ten bar

(3) Fire truck
The Project will provide a fire truck with a capacity of 6,000 cubic meters

equipped with fire equipment.
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Table 3.10.8-1

The installation of fire extinguishers for project

Quantity Area Standard design
Type Location s Method
(m) Foreign Thailand
1. Firefighting pump building Water treatment plant
2. Fire pump
2.1 Diesel fire pump 1,250 gallons/minute Water treatment plant 1 - 25-5,000 gallons/minute or NFPA 20 standards of Engineering Institute of
with a pressure of 9 bar 45-1,134 m3 /hr Thailandunder the H.M. the King’s Patronage
2.2 Electric fire pump 1,250 gallons/minute with a pressure of 6.8 bar
with a pressure of 9 bar
2.3 Electric jockey pump 50 gallons/minute 1 -
with a pressure of 9 bar
3. Fire Hose Cabinet Power Block Area 3 3,500 safe distance between cabinet NFPA 14 Notification of the Ministry of Industry on
(1) Nozzle Fire Switchyard and Electric transformers 1 1,200 less than 64 meters fire prevention and suppression B.E.2552
(2) Hose Station Wood Shredder and Fuel Storage House 4 7,000
Open Storage Yard 6 32,300
Control Building 1 400
4. Portable Dry chemical Fire Extinguisher (ABC)  [Power Block 4 3,500
Switchyard and Electric transformers 2 1,200
Water Treatment and Waste Water Treatment Area 1 1,000
Cooling tower and Pump 2 1,600
Diesel tank 1 25 1,045 mz/tank NFPA 10 Notification of the Ministry of Industry on
Wood Shredder and Fuel Storage House 7 7,000 fire prevention and suppression B.E.2552
Control Building 1 400
Workshop and Warehouse 1 700
Administration and Guardhouse 2 1,900
Raw Water Pumping Station 1 30
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Table 3.10.8-1 (cont.)

Quantity Area Standard design
Type Location ) Method
(m) Foreign Thailand
5. Fire Alarm System Power Block 1 3,500
Switchyard and Electric transformers 1 1,200
Water Treatment and Waste Water Treatment Area 1 1,000
Cooling tower and Pump 1 1,600

All floor If there are 2 or more y
Wood Shredder and Fuel Storage House 1 7,000 5 NFPA 72 Regulation of Ministry
levels/ 300 m or above

Control Building 1 400
Workshop and Warehouse 1 700
Administration and Guardhouse 1 1,900
6. Smoke Detector Administration 30 1,900 installed at a height standards of Engineering Institute of
Control Building 10 400 less than 10.5 m Thailandunder the H.M. the King’s Patronage
NFPA 72
safe distance between detector
less than 9 m
7. Heat Detector Administration 35 1,900 installed at a height
Control Building 15 400 less than 4 m
spacing between detectors standards of Engineering Institute of
for horizontal surface NFPA 72 Thailandunder the H.M. the King’s Patronage

less than 7.2 m
except walk distance

less than 9.5 m

1/
Note: Regulation of Ministry of Labor on occupational health and safety and environmental management related fire prevention and suppression B.E.2555

Source : Chana Green Company Limited, 2017
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(4) Testing of the fire system
The Project will monitor and test the fire system and prepare a summary report of the

results of the test which will be approved by a mechanical engineer and/or safety officer.

3.10.9 Emergency plan
The Project has set an emergency plan for possible cases with the main objective to reduce
the harmful to the employees of Chana Green Power Plant and machinery as well as equipment of

Chana Green Power Plant. Details are as follows:

(1) Emergency control
In normal working hours, the power plant manager is responsible for safety control
of the employees which includes emergency cases. Other than working hours, a shift in charge is
responsible for safety control of the employees which includes emergency cases until the situation
backs to normal or the power plant manager backs to the power plant and being the coordinator. The

emergency cases can be classified into three levels as follows:

1) Emergency level 1: It is an emergency that sub-organization/division can
manage the case by using the prepared equipment or it can be clearly seen that the emergency will not

get bigger or expand.

2) Emergency level 2: It is an emergency that sub-organization/division cannot deal
with or it can be clearly seen that the emergency is severe and possible to cause injury, death, or loss of
properties. Moreover, the emergency cannot be suppressed within 30 minutes by using prepared
equipment and require help from other division. Thus, the power plant manager must be responsible to

the emergency.

3) Emergency level 3: It is an emergency that expanded from the level 2 emergency.
The power plant manager considered and see that it is a severe case that possible to cause impacts on
the public in which the power plant cannot control the situation. Help from other organizations outside

is needed to control the situation.

(2) Fire prevention and suppression plan
In order to comply with the Regulation of Ministry of Labor on occupational health
and safety and environmental management related fire prevention and suppression B.E.2555 article 4
states that the workplace with higher than ten workers must provide a fire prevention and suppression

plan. The plan must consist of monitoring, training on fire prevention, firefighting, evacuation, and
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recovery plan. The employer must keep the fire prevention and suppression plan at the workplace that
the investigator can check. Thus, the Project provided the fire prevention and suppression plan in

according to the guideline of the Bureau of Labor Safety, Department of Labor.

From the regulations above, the Project provided emergency plans as follows:

- Monitoring plan

- Training plan

- Fire preventive campaign plan
- Fire suppression plan

- Fire evacuation plan

- Recovery plan

1) Monitoring plan

Relevant personnel:

(a) Management

(b) Personnel

(c) Safety officer
(d) Security guard

(a) Management

a) Plant layout management

b) Zoning, production control, and control of tools and equipment that
possibly cause fire

c) Setting of code of practice for fire safety

d) Control the use fire, generating of sparks, heat, electrostatic, and others
that can cause fire

e) Monitor activities related to fire prevention

f) Setting of a long-term fire prevention plan such as installing of
flammable or smoke detection system, fire alarm, and automatic fire system in the presence of

flammable or ignitable materials area

(b) Personnel that related to fire prevention

405918/Chana/CHAPTER 3/59 Consultant of Technology Company Limited



Environmental Impact Assessment Report

Chana Green Power Plant Project Chana Green Company Limited

a) The employees must strictly follow the safety rules as follows:
- Fire in restriction area or in the factory area without permission is
prohibited
- No smoking in the area with the “danger of flammable or explosive
material” sign or no smoking in prohibited area
- Do not fix the machinery or equipment with presence of flammable
without a work permit
b) Control of the area with flammable or ignitable material
Fire in any area must be at least far from the flammable or ignitable
material for ten meters. In case of necessary, it must be done under the
supervision of the safety officer
c¢) Fire prevention
- Prevent the leak of fuel and flammable materials
- Getrid of flammable waste or materials
- Flammable material contaminated cloth, the worker must change the
cloth immediately
- Prevention of fire of electricity
Electrical wire, light bulb, motor switch, fan, and electrical
appliances used in the presence of flammable material must be
monitored regularly especially on conditions, connection, earth
wire, plug, and others that can cause fire
- Fire prevention from welding activity
* Welding equipment, wire, and joint that are dilapidated must be
fixed
* Regularly check for leak of joints and valves
* (as tube and fuel container must be places at the distance of
seven meters from fire
* During welding, wire and gas tube must not obstruct the way

* Be aware of fire and sparks on flammable materials

(d) Safety officer

a) Demarcation of areas with risk of fire

b) Regularly check the areas with risk of fire

¢) Setting of fire prevention and suppression plan’s details as well as
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conduct trainings and drills periodically
d) Provide, maintain, and check fire equipment in good conditions all the
times

e) Reporting of danger or injury

(e) Security guard

a) Never let outsider enters the factory or the areas with the risk of fire

b) Be aware of casualty at the areas where explosive material is kept or the
areas with the risk of fire

c) When exposing to what that would cause fire, report immediately

d) Support firefighting throughout the working hours

Monitoring plan

Area Responsible Checking Reporting schedule
person schedule

Fuel chip storage house Operation Dairy Every Tuesday
Fuel chip silo Operation Dairy Every Tuesday
Saw dust storage house Operation Dairy Every Tuesday
Saw dust silo Operation Dairy Every Tuesday
Fuel oil storage tank Operation Dairy Every Tuesday
Acid and caustics storage tank Operation Dairy Every Tuesday
Sodium hydroxide storage tank Operation Dairy Every Tuesday
High-pressure steam pipe lines Operation Dairy Every Tuesday
ST and ST lube oil reservoirs Operation Dairy Every Tuesday
Emergency shower & Eye washer Operation Weekly Every Tuesday
SCBA, 30 minutes EH&S Monthly 15 days after checked
Fire Hydrants Operation Monthly 15 days after checked
Chemical absorbent Operation Monthly 15 days after checked
Dry chemical and CO, Operation Monthly 15 days after checked
extinguishers
Foam EH&S Monthly 15 days after checked
Fire pump Operation Weekly Every Tuesday
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Area Responsible Checking Reporting schedule
person schedule
Fire alarm system Operation Every six 15 days after checked
months
Water sprinkler and deluge system Operation Annually 15 days after checked
First aid set Admin Monthly 15 days after checked
Telephone number of relevant EH&S Annually 15 days after checked
persons both internal and external
including of government agencies
2) Training plan
Responsible
Topic Duration Training style Trainee
person
Fire prevention and 1 day Lecture and Q&A All employees EH&S
suppression plan
Fundamental of firefighting 1 day Lecture and All employees EH&S
practice
Firefighting technique 2 days Lecture and Fire and rescue EH&S
practice teams
Fire drill 1 day Lecture and All employees EH&S
practice
First aid and rescue 1 day Lecture and All employees EH&S
practice
3) Fire prevention campaign plan
Project Method Duration Target Responsible
person
Safety week/fire | Prepare posters 1 week All employees | EH&S and Admin
prevention and boards,

405918/Chana/CHAPTER 3/59

Consultant of Technology Company Limited




Environmental Impact Assessment Report

Chana Green Power Plant Project Chana Green Company Limited

exhibition, and

invite speakers

4) Fire suppression plan

(a) Fire suppression
In office hours during the day, the power plant manager (fire director) is

responsible for controlling emergencies and safety of the power plant’s workers.

Out of the office hours after normal working hours, the shift leader is
responsible for controlling emergencies until back to normal or until the power plant manager comes

to the power plant and on duty of fire director.

(b) Fire plan
Fire is an emergency case that would cause much damage to properties and
persons. Therefore, fire plan must be detailed and drilling should be done regularly to ensure that in

the real situation, things could be controlled. Details are as follows:

a) Procedure during normal office hours (in daytime): The worker who
faces the situation will make a decision whether it can be controlled by himself or not. If not, notify
the control room to assist and inform the power plant management which on the fire director duty. The
fire director is responsible for estimating the severity of the emergency into level 1, 2, or 3 and it can
be control by the power plant or not. The fire director is also responsible for making commands to
control the emergency and bring the situation back to normal and to ensure the safety of all workers as

well as properties of the power plant.

b) Procedure during out of normal office hours (in night time): If the fire
occurs in a night time, the worker who faces the situation will make a decision whether it can be
controlled by himself or not. If not, notify the control room to assist and inform the fire director which
is the shift leader. The fire director is responsible for estimating the severity of the emergency into
level 2 or 3 and notify the local fire organization immediately. After that, call the emergency staffs to
be on duty and command the fire team and security guard to be on duty. In the case of injuries, call an
ambulance. The circuit must be cut in the area where water will be sprayed. The fire director then

informs the power plant manager.

(c) Control center
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In the case of fire and assistance from outside is needed, the fire director will

set a control center in the control room. If the fire occurs in the control room, another area will be set

to suit the situation. The center will be used as a command center and a coordination center as well as

follows:

a) The command center, command the operators in fire suppression

b) The coordination center, coordinate between the fire director and the

power plant operators and external agencies

flows:

Responsibilities of the relevant personals as specified in the fire plan are as

Personal Responsibility
Fire director 1. Direct and command the fire suppression operation plan
2. Has the authority to command and ask for cooperation from
external agencies for assistance
3. Has the authority to command all the parties to stop or fight the
fire
4. Has the authority to command to ask for assistance from external
agencies
5. Report the situation to the power plant manager immediately
News center 1. When informed about the case of fire, internally notify the case
through telephone
2. Investigate the fire area in detailed by the operation supervisor
and inform other divisions
3. Keep tracking of the fired case from:
- Operation supervisor
- Reporter
4. Contact external agencies for assistance when received
command from the fire director or safety officer
5. When the fired case is over, inform every division
Communication and 1. Assist and coordinate with the fire director, external agencies,
coordination security guard, and relevant person
2. Receive-send commands from the fire director to contact news
center
3. Make a command if assigned by the fire director
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Personal Responsibility
Nurse (normal office hours) 1.  When received a command, go to the scene with first aid
equipment
2. Reporting to the fire director and wait for a command to assist
and coordinate
Security guard 1. Rush to the assembly point to check for number and name of the
workers
2. Rush to the scene to receive a command from the fire director
and coordinator chief
3. Prevent outsider to enter the area without permission
4. Guard and control the properties that the mover keep in the area
Internal-external transfer 1. Send vehicle to the scene and wait for a command from the fire
director to move the fire equipment and provide drinking water
2. Responsible for finding a safe place to keep materials and
equipment as well as to move the materials and equipment
Operation 1. Ask for assistance and split into two operation team:

Team 1: Control the machine to run until there is a command to shut

down. In case that the machine cannot be run or received a
command to shut down the machine, the team will assist in

firefighting

Team 2: This is the fire team. If the case of fire occurs in their own

area, this team will be separated immediately from the machine
control team to fight the fire. The team will work under the
command of operation chief. In case that assistance from outside

is needed, the operation chief will make a command.

Electric operation support 1. Rush to the scene to receive a command from the fire director to
cut the circuit
2. Operate in according to the fire director in relation to electricity
that may cause danger
Emergency pump operation 1. Switch on the pump immediately after informed about the fire
2. Control the water pump during fire
3. In normal situation, monitor the tools and equipment in
according to the checklist
Rescue team 1.  When received a command, reporting to the head of operating

support team
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Personal

Responsibility

Search for victims and rescue in according to the command of

the head of operating support team

Additional operators

Operators that are informed about the fire and come to assist
report to the fire director for teams setting

For case of fire in the area of machinery, the fire team must be
from the area, the additional team will be assisted in haulage

Wait in the area for a command from the fire director

(d) Evacuation plan

In severe case that evacuation is needed, there will be a notification by an

alarm. Everybody must be evacuated through the exit to the assembly point. There, a number of

workers will be checked. The workers must wait for a command from the fire director

Responsibilities of the relevant personals to the evacuation plan are as

follows:

Personal Responsibility Responsible
person

Fire director Making decision to evacuate and notify by Power plant
alarm manager

Check with the responsible unit to ensure
that all the workers are evacuated by
counting the number of workers

Inform other organizations and ask for
facilitating

Notify and give signal that suits the
situation

Supervise in according to the plan
Supervise the move of documents from the
building

Make a command to shut down the

unnecessary facility system except for

emergency system
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8. In case taker is needed for the Company’s
properties, provide a staff that will work
voluntarily

9. Make a command to close all the doors and
windows to prevent outsiders from
entering

10. Notify the situations to police station and

fire station

Fire escape leader Lead the workers to evacuate in according to the | Human resource

plan manager

Check the number of workers Check the number of workers whether all the Administrative

workers are in the safe place officer
Rescue and vehicle team Responsible for search and rescue lives Rescue team
Assembly point 1 - It is a safe place after evacuated from the -

danger area
- It is the place where the number of the

works will be checked

Assembly point 2 - It is the assembly point in case that the -

assembly point 1 is not safe

(e) Recovery plan comprises of the following:

a) Coordination with government agencies
b) Survey for damages

¢) Reporting of every team and set a meeting point for the teams to wait for

commands

d) Rescue and search for death

e) Move of victims and property of the death

f) Estimate the loss, report the operating results, and report the fire
situations

g) Provide help and relief to the victims

h) Resolve the problem to as quick as possible to continue running the
business

Details of responsibilities in the general recovery plan are as follows:
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Responsibility Operation
1. Coordinate with the government agencies Plant Manager

Operation Manager

EH&S Manager

2. Estimate the damages and operating results and reporting the case of | Operation Manager

fire Maintenance Manager
Shift Leader
3. Rescue and search for the victims Rescue Team
4. Move of the victims and properties of the death Admin Manager
5. Help and relief to the victims Admin Department
6. Resolve the problem to as quick as possible to continue running the | Plant Manager
business Operation Manager
Maintenance Manager
(f) Environmental impacts relief plan
In order to mitigate environmental impacts from the fire, the following must be
implemented:

a) Water used to suppress the fire, if contaminated with chemical, block the
flow and pump to the recovery tank to collect to wastewater retention pond for treatment
b) Water used to suppress the fire, if contaminated with oil, send to oil separator

pit to separate oil prior sending the water to wastewater retention pond for treatment

(g) Recovery plan
This plan will be implemented after the emergency occurred in the power
plant. In the implementation, all reports will be considered. Based on the real situations, plans will be
improved, especially the emergency prevention plan and the relief plan (immediately when the
situations back to normal). The weakness of the plans will be improved.
a) The planned improvement will be done when:

- Rules are changed
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- The existing plan is not effective by assessing from the drills

- Adding of equipment in the power plant that may cause an unusual
event

- Change or move of preventive and suppressing equipment

- Change of responsible unit in the power plant and private or

government agencies

b) After an unusual event, the observer will give comments in order to draw
the following conclusions:
- The prepared plan achieved the objectives and procedures or not
- The procedures are sufficient or not
- Necessary to improve the plans or not
- The plan was successful or not
- What area that extra precautions should be taken

- The coordination with other agencies was effective or not

¢) Project that integrated with the recovery plan
- The Project of communicating about the cause of fire and preventive
approaches
- The project of helping the victims

- The Project of renovation and bring the loss back to normal

(3) Emergency case of chemical and flammable liquid leakage

Type of hazardous chemicals

- Explosive substances

- Gases

- Flammable liquid

- Flammable solid

- Oxidizer and organic peroxide

- Toxic substance and infectious substance
- Radioactive substances

- Corrosive substances

- Miscellaneous dangerous substances
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1) Data that must be notified

(a) Location of the scene

(b) Cause and characteristic of the leakage
(c) Severity

(d) Existing operation

(e) Name of the informer, division, and contact number
2) Investigation and warning
Production zone
Workers who are responsible for the area investigate and estimate the situation.
In case that it may cause a fire, stop all the hot work and inform the control room to stop the machinery

and notify workers in adjacent areas.

Out of production zone

The division who responsible for the area and safety officer investigate the
situation. In case that it may cause a fire, stop all the hot work in the area and not allow those who are

not related to entering the area.

3) Control of the area
The area with chemical leakage must be controlled not to allow those who are
not related to entering the area by putting a red flag or other symbols to notify that there is a leakage
of the chemical. In case that it is a flammable gas or flammable liquid, the source of sparks such as hot
work and vehicle must be prevented. Those who are not related must be informed to leave the area to

the assembly point.

4) Control of situation

(a) Gas
In the case of leakage of flammable gas, the source of sparks must be
controlled and reduce the concentration of the leaked gas to prevent fire. It can be done by spraying of
water to reduce the concentration and temperature in the area and split the system. This is to reduce

the risk of fire.

(b) Flammable liquid
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For the flammable liquid leakage, the source of sparks must be controlled
and limit the spread. In case that it can be scooped or pumped, the equipment used must be explosion
proof. If not, use absorbent to absorb and prevent the liquid from spreading into rainwater drainage
gutter.

(c) Substances liable to spontaneous combustion
In the case of leakage of substance liable to spontaneous combustion when

contacts with water or air, do not use water but chemical fire extinguisher or sand to prevent fire.

(d) Substances which emit gasses
For that case of a leak of substances that emit gasses, workers in adjacent
areas must be informed to evacuate to a safe place (observe from the wind sock). Later, control the
fume of vapor or chemical in the air by spraying water to dilute the gas to reduce dispersion of the

vapor.

(e) Other chemicals
The leak of some solid or liquid substances does not require immediate
actions. However, environmental impacts from the contamination in the air, soil, and water must be

prevented by following the procedure on chemical management.

(f) Cleaning of the area and waste management
For the leak of solid or liquid chemicals, floor cleaning is required and the
residues from cleaning materials and contaminations must be kept in a closed container. The waste

will be sent to dispose of in according to the procedure on waste management.

(g) Water quality monitoring
In the case of liquid chemical leakage to rainwater drainage gutter, water
sample must be taken to check whether it’s contaminated or not. If the quality isn’t met with the
standard, block the gutter, collect the water, and send to dispose of by a waste disposer with an approval

from the Department of Industrial Works.

(4) Procedure for the case of bomb threat
The procedure for the case of bomb threat and procedure for the case of a suspicious
object is found (Figure 3.10.9-7), usually, the bomb threat is done by using the telephone to create the
shock of excitement. Thus, when the news is received, analyzing of relevant data must be done and it’s

useful for the officers. In such case, the following must be done.
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D

or others

room)

2)

Things to do when received a bomb threat news

Suppress the excitement or panic

Listen attentively and do not interrupt the talk
Remember all the words

Talk politely at the time receiving the bomb threat news
Try to delay the talk and tape the talk

Observe interruptions while speaking whether there is machine noise, music,

Ask for more details and sympathy and convince to repentance

Immediately call the police through the worker of the power plant (control

Questions to be used

Is there anything I can help?

When the bomb will explode?

Where is the bomb?

How is the bomb look like?

What kind of the bomb?

How it will explode?

Are you the one who drops the bomb?
Why drop the bomb?

Where are you?

What’s your name?

Conclusion Try to ask for details as much as possible especially about the bomb and

place and focus that not wanting any injury.

(5) Emergency plan for the case of boiler explosion

1) Preventive plan (before the event)

(a) Workers whose control the boiler must pass a boiler control course

(b) Prepare the plan and regularly check the parts and equipment

(c) Maintain the parts and equipment as scheduled

2) Communication and emergency response (during the event)
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(a) In case that the boiler cannot supply steam
- Fix immediately
- Inform relevant united to be prepared
(b) In case of boiler explosion
- If flood is found, close the big water valve in the area immediately
- If flame is observed, stop the fire immediately

- Ifinjury is found, move the injury to a safe place and follows by first aid

(c) Report the shift leader and head of the division and record the time when the
boiler could not supply steam. In the case of explosion, record the time when it begins and the time

when situation back to normal for tracking.

3) Recovery plan (after the event)

Check for damages on properties and fix after situation is back to normal

(6) Emergency plan for the case of flood

1) Preventive plan (before the event)

(a) Keep following news and estimate the flood situation closely

(b) Prepare the plant layout

(c) The workers must be trained on emergency suppression and must be able to
practice correctly

(d) Communicate to the workers to know about the warning system of the
relevant government agencies

(e) Prepare equipment for flood prevention such as sandbags and water pumps

(f) Periodically check the plant area and the area with flood risk

2) Communication and emergency response (during the event)

(a) Inform the workers about the flood situation for the responsible persons to
be prepared
(b) Prevent initial damages by constructing a sand bags dyke around the plant in

addition to the existing dyke
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(¢) Report the shift leader and division heads to record the time when flood occur

and when the situation backs to normal for tracking

3) Recovery plan (after the event)

Check for damages on properties and fix after situation is back to normal

3.11 Complaint management
Initially, the Project set a procedure and duration for complaint solving as shown in the

complaint diagram, responsible persons, and duration for each step are shown in Figure 3.11-1.

3.12 Environmental impacts investigation committee

(1) Composition of the environmental impacts investigation committee
The environmental impacts investigation committee of the Project (draft) comprises

of representatives of four parties which are the public, government, expert, and the Project.

(2) Recruitment method

1) A representative of the public will come from recruitment or nominate by the

community, village committee, or group of representatives of each village.

2) Representative of the government will come from relevant government agencies such
as Provincial Office of Industry, Provincial Environment and Natural Resources Office, Provincial Energy
Office, Chana Office of Public Health, Chana Agricultural Office, Chief Executive of Sub-district
Administrative Organization or representative, Director of Chana Hospital or representative, Director of
Sub-district Health Promoting Hospital or representative, and Director of Chana Chanupathum School or

representative.

3) Experts will come from nominate of the public and the government representatives.

4) The Project representative is the plant manager and other related divisions that are

appointed by the Executive Director of Chana Green Company Limited.

(3) Structure of the committee

1) Representatives of the public 19 persons

2) Representatives of the government 6 persons
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3) Experts 2 persons
4) Representatives of the Project 4 persons
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Process Flow Chart

Responsibility

1 Complaining person

[ |

-__.__-__-__-__-__.__.__-__.__.__.__-__.__.__.___{_E.QE‘CIQ.LEEDL’_EEQ_;'\-'_LC' responseswithine b day

2 24 Hrs. Complaint receiving

Power plant construction
project or power plant

3 Preliminary finding
of cause of
camplaint

Communication staffs (Field
office} or shift lead {CCR)

4 Consideration of cause
whether they are from power
plant’'s operation

Fower plant project manager
or power plant manager

Yes

Krow exacl cause)
Can fix the problem
immediatel

LCause of problam is-not
clear /Cannot fix the
problem immmediataly

l

5.1 Meeting to find causes or
ways to solution and delegate
person in charge

|

i

5.2 Report to Power Plant
Manager for consideration
and instruction

]

Power plant project manager
or power plant manaeger and
delegated person

!

6 Proceed to resolve problem
complained

Delegated person

b

7.1 Explain the
approach to the
resolution and the
resulting outcome
to the complaining
persan and relevant
departments

7.2 Clarify with the
cornplaining person
that the complaint
was not caused by

power plant

.

the operation of the

4

Reject resolution

Complaining persal

signs acceptance of
resolution

Accept resclution and sien

Environmental impact

inspection committee

r acceptance

9 Meeting of functioning parties to
continususly collect and examine problems
relating to complaints for summaries and
report to relevant departments

FHT

Power plant project manager
or power plant manager and
delegated person and

relevant departments

Meote: 1. Report causes/resolutions/solving time to complaining party within: 5 days.

2. Report progress in résolving problems to the complainine party every T days or as aereed,

Figure 3.11-1 Scheme of operation on Chana Green Power Plant Project’s complaint receiving
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The committee will select a president and a vice president as well as a secretary. Later,

the environmental impacts investigation committee will be appointed by the meeting agreement.

(4) Responsibilities of the committee

1) Consider the needs of the public, promote the understanding of the communities and
the Project as well as coordinate with other relevant organization

2) Visit the Project, participate in an environmental quality monitoring activity and
environmental impacts monitoring measures implementation for transparency in the Project environmental
management

3) Discuss and set a guideline for problems solving together

4) Receive complaints and coordinate the complaint management

5) Participate in negotiation and settlement of environmental disputes between the
Project and communities

6) Investigate the loss and consider compensate for the loss caused by the Project
activity, the losses include community natural resources and environment, agricultural products, animals,

and human health

(5) Tenure
The tenure is four years since the announcement date. The committee members can be

reappointed but not more than two consecutive terms.

When the first term is completed and a new committee has not been appointed yet, the
previous committee is still in function until the new committee is on duty. However, this should not be

longer than 90 days.

In case that a committee member is terminated, the recruiting should be completed within
45 days. The new committee member, tenure will be on duty as long as the remaining period of the previous
member.

In case that the remaining tenure of the committee member that is terminated is less than

90 days, the option of no appoint for a new member can be applied.

Out of the termination, a committee member is out of the position when:
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1) Death

2) Resign

3) The committee members of two out of three agree to remove a member due to
misconduct, corruption, or inability

4) Bankrupt

5) Mental disorder

6) Being incompetent

7) Has been sentenced by final judgment except for the penalty for offenses committed

by negligence, the offense of defamation, or misdemeanors

(6) Meeting frequency
A meeting can be done with the presence of more than half of the committee
members. The frequency is at least twice a year. In case that it is necessary, the meeting can take place

before schedule. This is under the consideration of the half of the committee members.

(7)  Operation

1) After the Project construction is approved, the meeting must take place within the
period of six months. This is to inform about the progress and acknowledge about the measures that
the Project must implement. Responsibilities of the committee will be informed. The committee will

visit other places that can use as a case study to apply to the Project, the frequency is once in two years.

2) Source of funding for the operation of the environmental impacts investigation
commiittee during initial state is the Company. About 100,000 Baht/year will be allocated. After that, the fixed
budget of 100,000 Baht/year will be allocated. The money left from the previous year will accumulate to the

next year for the operation of the environmental impacts investigation committee.

3.13 Green area

The Project will provide a green area of 18,000 square meters or 11.25 rai (counted for 6.21
percent of the whole Project area). The plants that will be cultivated are local plants such as neem trees
(Songkhla provincial tree) and other trees such as ironwood and benth. They will be planted in punctuate
with three rows of shrubs. The distance between trees is 2x2 meters and the distance between rows is 2x2
meters as shown in Figure 3.2.1-1. This aims to reduce the wind speed and the dispersion of dust. Moreover,
it would also create a diversity of plants as well as beautiful scenery. Furthermore, it can be used as the

Project buffer zone.
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Characteristics of plants to cultivate in the Project area in accordance with the landscape

Architecture are as follows:

(1)  Leaves are taper, rough, wool, and sticky to trap dust
(2)  High, thick canopy, much leaves, quickly grow, strong root system to be used as a
buffer zone

(3)  Has vertical shape and start to branch at the height of two meters or higher

The project will water the green area every day except during rainy season. Soil conditioning
in the area will be responsible for the Project staff which will take care of it every day. The Project will

use organic fertilizer and avoid using chemical fertilizer.

In case that plant dies, the Project will replant within 30 days and will maintain the rapid

growth to benefit for reducing wind speed and dust dispersion.

3.14 Power development fund

According to the Energy Business Act B.E.2550 article 93 requiring an establishment of a
fund called “power development fund” with an objective to support the power service expansion. This
is to spread prosperity to the local communities that affected from the operation of power plants. It also
aims to promote renewable energy and technology that causes less environmental impacts. Besides,

considering the balance between the natural resources and fairness to the power users.
Sources of the fund are as follow:
(1) Money received in accordance with the article 96
(2)  Fine from the electricity licensees in accordance with the article 128 and article 140
(3) Donated money or properties
(4) Interest or benefit from the fund

The fund can be used for the following:

(1) To compensate and support the electricity licensees that serves the disadvantaged

users or to promote the policy to spread prosperity to the regions
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(2) To compensate the users that pay higher rate of electricity from the electricity
licensees that has electricity control system in contravene with the article 87, paragraph 2

(3) To develop to restore the region that was affected by the operation of power plant

(4)  To promote renewable energy and technology that causes less environmental impacts

(5)  To support the public to be aware and participate in the power system

(6)  To use for the fund management

Therefore, in the future, the communities surrounding of the Project can use the fund to

benefit their communities.

3.15 Activities during construction period

3.15.1 Construction workers

Activities during construction period can be classified into two type; (1) construct by the
Company itself and (2) construct by sub-contractors. For the part that the company will construct itself
is residents in the project area. The sub-contractors will provide accommodation themselves outside

the Project area. The number of workers is 300 maximum.

3.14.2 Infrastructures and utilities

(1) Water
Water usage during construction can be categorized into two types, consumption of the

workers and construction activities.

1) Water usage for the worker's consumptions is forecasted of approximately 21
cubic meters/day (calculated from consumption rate of 70 liters/capita/day x 300 workers, workers that
stay in the Project). The Project will assign the contractor company to provide a water container that
can store water to be used for three days. For drinking water, the Project will buy from the general

market.

2) Water usage for construction activities will be used for cleaning of tools and
equipment and concrete mixing with a ratio of one cubic meter concrete with 185 liters of water (Source:
Council of Engineers, 2016). The quantity is small due to the use of ready mixed concrete. The water usage

in construction activities is approximately two cubic meter/day. Source of water is same as the source of
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water for worker consumption. However, the Project planned to excavate a reservoir to keep rainwater and

runoff in the Project area.

(2) Electricity
The Project will use electricity that supply by Provincial Electricity Generating Authority
of approximately 2 MW together with electricity generated from the diesel power generator provided by

the contractors.

(3) Water drainage and flood prevention
For rainwater drainage in the construction area, the Project will construct a temporary
gutter to drain rainwater in the construction area. It will be connected with the Project reservoir. For flood
prevention, the Project will not allow the contractors to throw food residue or materials into drainage gutter.
The gutter will be dredged every six months. The gutter conditions will be checked monthly. The Project

will also check for materials not to place on an area that blocks the water flow or the gutter.

(4) Transport
Transports during construction are the main transport of construction materials and
machine by trucks. The number of travel is forecasted of less than 10 times/day. The route is Highway No.
43 and Highway No. 408 which are the main routes to the Project area. In order to avoid impacts on the
communities, the Project will provide temporary residents for the construction workers in the Project area.

The 300 workers will stay in the Project area and use the Highway No.408 for the Project entrance-exit.

3.14.3 Pollution and control

(1)  Air pollution

During construction, the air pollutions are dust and smoke. Dust will spread from the
surface of the ground during piling, land leveling, and construction materials transport. Smoke will be
generated from combustion of machinery, truck, and tractor. For dust that generated from the transport of
construction materials, the Project has a measure to reduce the dispersion by spraying water on the
construction area limit the vehicle speed in the Project area. This is to reduce the quantity of dust from

transportation activities in the Project area.

(2) Water pollution and control
Wastewater that will be generated during construction period can be categorized into two

sources, wastewater from consumption of the workers and wastewater from the construction activities.
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1) Wastewater from the consumption of the 300 workers of 17 cubic meters/day
(calculated from 80 percent of the water consumption) will be treated by a septic tanks-anaerobic filter
before recirculate to reuse. Nevertheless, the Project will follow Ministerial Regulation (Ministry of Labor)
on Welfare management B.E.2548 and Ministerial Regulation (Ministry of Interior) No.63 (B.E.2551)
issued under the Building Act B.E.2522.

2) Wastewater from construction activities generated from cleaning of tools and
equipment with low quantity (approximately two cubic meters/day) will be treated by a settling pond with
a capacity of ten cubic meters. The treated wastewater will be sent to a water retention pond with a capacity
of ten cubic meters to check the quality before reuse. It will be used for spraying on the road and construction

area to reduce dispersion of dust. Water quantity will be checked once a month.

(3) Waste and control
Waste that will be generated during construction period can be categorized into two types

as follows:

1) Waste from the worker's consumptions such as food residue and plastic bags is
forecasted of approximately 300 kilograms/day (calculated from waste generation rate of one
kilogram/capita/day x 300 workers). The Project will provide close waste containers with a capacity

of 200 liters each. The waste will be disposed of by Baan Na Municipality.

2) Waste from construction activities such as steel, wood, and brick will be recycled or

sold. For the part that cannot be recycled, the Project will use for land filling.

(4) Noise pollution and control
During construction, each activity creates noise at different levels depending on
machinery and characteristic of the construction work. According to the data from U.S.EPA, 1972, noise

levels during construction can be summarized as follows:

Activity Noise level dB(A) Distance (meter)
Land preparation 84 15
Drilling and foundation work 88 15
Structural work 79 15
Finalized work and decoration 84 15

Source: US. EPA, 1972
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However, these noise levels can be controlled by specifying construction period
during 8.00-17.00 o’clock to reduce impacts on the communities. This will be set as a measure as well

as specified in the contracts with construction contractors to strictly follow.

3.144  Occupational health and safety
In selecting subcontractors, the Project will choose subcontractors with an agreement on
occupational health and safety. In the agreement, safety practices in accordance with the laws and

regulations that related to the Project activities will be followed.

(1) Safety supervisor
The Project will provide a safety supervisor to check in all steps of work (before work,
during work, and after work). This is to comply with Ministerial Regulation (Ministry of Labor) on the
standard of occupational health and safety and working environmental management related to

construction work B.E.2551.

(2) Safety plan during construction work
The Project will provide a safety plan for construction work in comply with the
Ministerial Regulation (Ministry of Labor) on standard of occupational health and safety and working
environmental management related to construction work B.E.2551 and Notification of Department of
Labor Protection and Welfare on criteria of safety plan preparation for construction work B.E.2552
since the acquisition in accordance with article 3 (1) “work with total area in the same building of
larger than 2,000 square meters or building with a height of 15 meters or higher and total area of 1,000

square meter”. The safety plan consists of the following:

1) A safety inspection plan that complies with safety laws

2) A safety training plan to acknowledge the workers about the safety work
3) A safety promoting plan

4) An emergency plan

5) An investigation and reporting plan

(3) Work permit system
The work permit system is the system that can ensure the safety of the work in factory
area during maintenance work. It is also to prevent loss of machinery and equipment in the production

process.
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1) Work permit
It is a document with signed affidavits from the company that permits the work

in a hazardous area that is not the routine work.

2) Type of the permit

Work permit is necessary for the following work:

(a) Hot work (welding, cutting, grinding, drilling, and radioactive)
(b) Confined space work
(c) Work at high

3) Personal protective equipment (PPE)
Personal protective equipment is the equipment that the workers wear during
operation in the Project area to prevent general harmful in accordance with the Ministerial regulation
(Ministry of Labor) on the standard of occupational health and safety and working environmental

management related to construction work B.E.2551 as summarized in Table 3.14.4-1.

4) Safety inspection
The safety officer will responsible for inspecting safety in both building and
surrounding environment which must be in the conditions that will not cause danger to the workers
and others surrounding the area. Moreover, the safety officer will also responsible for appropriate use
of personal protective equipment. This is necessary to reduce accidents. In case that anomaly is found,

the safety officer will report and suggest the construction supervisor fix immediately.

sk sk sk s sk sk sk sk sk sk sk sk skokoskoskoskokokok
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Personal Protective Equipment

Table 3.14.4-1
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%) i= 3 = Q
= < z ; 5 =
w» = > -
@ ‘E &)
s @
=51
1 ‘Wood or Painting work \/ - - - - - - - - - - - - \/
2 Steel works, tunnels, assembly, installation, maintenance handling \/ - - - - - - - \/ - - \/ - -
or carrying heavy bearers of the potential hazards
3 ‘Water supply work or Glaziery \/ - - - - - - - \/ - - - - \/
4 [Construction work \/ - - - - - - - \/ - - - - \/
5 Concreete construction such as cement mixer \/ - - - - - - - - \/ - - \/ -
6 Welding work - - - \/ - - \/ - \/ - - \/ - -
7 Cutting, Demolition,Hammering or Drilling materials \/ \/ - - \/ - - - \/ - - \/ - _
8 Noise level over the regulation of safety - - - - - \/ - - - - - - - -
9 Chemical work \/ - '\/ - - - - - - - \/ - - \/
10 |Weight Limitation of Lifting for worker \/ - - - - - - \/ - - - - - \/

Source : Ministerial Regulation (Ministry of Labor) on thestandard of occupational health and safety and working environmental management related to construction work B.E.2551
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Appendix 3-1

Ministerial Regulation No.55 (B.E. 2543)
Promulgated under the Building Control Act B.E.2522.
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Appendix 3-2

Wood analysis
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Appendix 3-3

Fuel supply study
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Executive Summary

Gulf Energy Ceveloprnent (“5ED"} plans to develop a number of 20 MY biomass
power plants in Southern part of Thalland in cansistency with Govermmeant Policy for
promoting renewables snergy. The source of fuel shall be rubber wood waste or biomaszs
including offcut, Branches, and roof andior stump with approximately 300,000 fons of

Biomass requirement a plant a year.

In order to develop biomass power plant projoct, the key concem is o assure that
fuzl shall be supplied, available and reliable enough for power plant operatirg along 25
YEENS.

In 2014, it is tne first tirne in many yoars that para rubber production in Thailand

decreased to 4.0 million toennes or 3.2 percent down from the previous year due fo dry
climate, pc;]itical unrest and protests. The world prices of para rubber are also in
dewntrend da not incentivize fammers te rubber appers. However, over a pearipd of 10
years past, para rubber price still comparatively high. Due to the government policies
supparting to increase para rubber production that s the reason why para rubber
plantatian area still expansion espeacially in the north eastern Thailand. Therefore para
rubber production in 2014 increased from 2004 atmost T million tons or nearly 34,3
percent.
Meanwhile, many countries n this region have increased their rubber plantation arez,
especially China, wha has extended their para rubber plantation area up to 260 thousand
rai 3 year. Furthermore China has also invesied in rubber plantatisn in Cambodia, Lags,
Myanmar and Vietnam (CLMW) which increasing neatlly 1 million ral para rubber
plantation per year, leads to increasing of para rubber production in the world market.
However, the cimaie changse phenemenon of Bl Mino affect has reduced para rubber
yield in 2014 down to 11.7 million tonnes or 2.9 percent from a year earisr.

I'hiz study presents the biomass potential from para rubber industry in eash
provinges in the south. The step of the study is beginning from data gathering of para
rubber plantation, then analyze quantity of biomass from plantation and sawmill, After
that the consumption of bicmass from each industry is analyzed and at the end is thea

total hinmass remafns. The process of this siudy has bean shown as follow.

At A L AP L 8L et Sk A R Ned A L AR UL+ IR £ TR S Y A = A ot A AT LIS o e
Firal eport %ﬁ{gﬁk i

?_g‘ iy
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i Data gathermg : ‘ Deiermmmg
Para rubrber plantaion | Bicmass fram Fara rubber plantation

Analyzing h Analyzing
Biomass Janrain Biomass consurnption

.

Analyzing
Biomass Remair fo 25 years

Plantation Area

Thalland iz the world's largest producer of nawral ubber, There ars
approximately 21 million rai of para rubber plantation in Thailand and more than 10
million rai are in 11 provinces of southern Thailand, which can be classified by ages as
shown in Tatle 1.

Table 1 Para rubbker plantation areas classified by ages

F‘ara ruhhcr agr:s I['fcars olu}

CProvinse-| ol | 59 S amaa | aEae : 20247 7| 25 forward ot
Songktla | b5432 | 180824 | 324200 | 215724 | 402,999 - 142652 | 1,809 35;
| vaa Ces2s | asmse | 130454 | 200575 | 245137 | 105884 | 746,345
. Paitani 2873 | 33162 © TE27D | 76,166 80337 © 15626 | 273435
Naathinat | “366° | 59325  <6vsaa | 2oo4dr | 173552 | 70928 | ssu.o64

Suratthani 214 839 544,784 BZZ 085 B36.678 285,562 : 91723 23775977

Keaki 32604 180842 . 194114 | 170,536 55,763 : 15395 542 250
Phangnga | 52.400 89050 ¢ 216081 | 204158 | 84461 . 14801 540,730
?::;ngr:t 9,166 373,853 . 4350652 522,%5 | 2c-1_.éi£5m_n 8179 | 1667286
Trang 71640 204120 . 233077 | 201168 | 135812 43501 079,216
Phathalung |  §4,712 148300 I 162,827 | 216,227 147,327 62,853 .am:zaa
Satun 23,713 74,778 I 90,815 123,165 59,581 19,705 33° 755
Total 423,893 _1;335,91'5! 2,669,406 | 3070330 © 1845557 | 625327 | 10,721,086 .:

Souees Doymrdment of -.é'l.!:,r;rr's.l..u'r:l..;r'ﬂ." Ex tension, 2014
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The quantity of biormass were analvsed by site survey data gatnering. Tnere arg

37.65 tons per rai of biomass from subber tree including trunk., The average others

biomass from para fubbst tree per tai is that trunk 22.46 tons, Branchos 8.14 tons,

Leaves 1.76. tens and Stump&Roots 5.29 tons as shown in Table 2.

Tahie 2 biomasgs fraom para rubkber tree,

Biomass

"Trur"ﬂim(Tﬁns freshn/Rai)

["Branch (Tons fresh/Rai)

: Leawves (Tons fresh/Rai) )

Results {Averagé} ]

22,45

5.14

1.75

Stump and Roots (Tons fresh/Rai)

n.29

Tcta_I_ﬁ'-:-'ns ffésthai}

37.65

Then the conversien of total Para rubber plantation area al the age of 25 years

rbd forward to bicmass is rasulted in Table 3.

Table 3 the biomass of 11 provinces

Elumass {Tuns fresh}

Pruwm:e RN - -
[T e aaves -5-!?-‘.-*f“f;”f-5‘-‘-‘-‘t?: L Tal
Songkhla 3,203,953 1,181,183 251,067 754 525 5,370,829
Yala 2,373,202 860,101 185,968 568,960 3,978,231
Pattani 350,960 127,198 27 502 82,661 588,319
; Narathiwat 1,593,054 748,600 124,334 375,212 2,842,700
| Surat-hani 4 825273 1,743 785 Arg. 116 1,136,496 8,088,670
Krabi " 732,275 265,392 57,382 172,473 1,227,692
Phang-nga 727,698 283,734 57 024 171,395 1,219,854
Makom 51\ 2,137,428 774 651 167,492 503,428 2,582,000
Trang 1,508,034 583.150 126,086 378,976 2,697,246
Fihathalung 1,220,500 445 538 BG 240 289,584 2,061,027
Satn 532.600 193,026 41,735 125,443 292,804
Total 19,314,977 | 7.172.416 | 1,513,552 4,649,253 32,550,198
e T E(;ﬂ 'f%%
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In thie study, it has been divided inte 3 scaparios from sources of data as: -

v Scenarios 1 {OOAE; Felling all of para rubber tree age 25 years old fonward

reference on the plantation data of Departiment of Agricultural Extension (LDHDAE}.

s Scenarios_ 2 DWW Feling Mara rubber tree based on sawmill regquiremenrt

reference on savmill number of Department of Industrial YWorks (DWW,

e« Soenaros 3 (RFDY Felling Para rubber tree based on sawmill regquiremert

reference on sawmill number of Roval Ferest Degsartment (RFDE.

The assumption to estimation the parawosd reclirament of each agencies by

surveyed sawmill in southern of Thailand is that 3¢ HP of saw machine can sawing

parawood 10 fons a day (B8 hr)) Parawced saw processing in sawmill could produse

wood waste or biemass approximately 88% including sawdust. Sawmilt require only para

rubber frunk. The other part such as branch 15 used in other mdustry, mest of leaves and

stumplrosts ara lef in the harvest area.

Tablc 4 the esiirmation of wood waste from sawmiils industry from different agorcy

Frovince Trunk requirermnent (fonsfyeart Biomaas from trunk produce* {tonsfyear)
DODAE Dy RFD DOAE DIV RFO i
- . e e e e ——————— e e m—m e m e aam e . - ___i
Zongkhia 3,202,983 V423 055 2,044,820 2,175,658 E.G48,017 1,200 556 °
Yaa 2,573,202 2TH2A52 B5h, 152 1513778 1.872 ALE AL ACE
Fattari 350,960 £43,848 560 526 23E BE Af B30 351,225
Maathiwat . © o3, 054 47 555 950,566 10332277 372,816 377,648
. Luratihari i 4 625275 3. 743,978 4,851,500 3,281,136 5045 905 3,367 202
” !
worani i Fc e 1.574 (k% 1,968,037 AT 547 1,078 R4l J U
P e B
Phang-nga ;  72T.EE 2,366,482 1e N 404,855 1,622 805 404 037
MNakern S . - . s s
o 2137428 N T 2855427 1453451 4,355,455 18962 147
[hammarat -
Trang ©a0d 034 L 182,.0E2 2284317 1.594.143 2,525,807 1,583,526
Phatqalung * 229,800 B33,552 B26.159 B32 0s0 431 454 425 505
4
Satun 532800 233,355 GED 577 32, 1ES 5176563 382 M5
wTotal. " fas.3M4977 | 3786597 | 16388534 .| (3124485 | 25293645 | 114841977

Edrraric ™ Mulipied BV 68% OF patawood egorsmert. Pardwoca mesrn oy (o,

Frial report
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Due io the different in data fram the two agencies. there is zome difficulfy to
astirmate the parawood sawmills reguirement. Sawmiils ficm DWW and RED data requirs
parawood approximately 37 million tons and 17 million tonsfyear. However the old felling
rubber trees in 11 provinces in southem Thalland estimated at anly 19 raifyaar which san
sonverted to 12 million tans of trunk, Therefore, the amount of parawood that can be
used in sawmilis industry musi not cxceed the oxsting parawssd potentia® so 'n this
study recommerd GED should neglect DWW data.

Biomass Demandi

In this study we assume falling all of the para rubbar plantation with ages 25
vears cld forward because they will yield lesz latex when ages increasing. The data
painad from the analysis of parawood industry database and field dats collection showed
that though the 1.5-5-inch diameter branches are used for fuel in the power plants or
industry factory with the boilers and MOF industrial. The industry sector has not yet
efficizntly Lsed the rest of the trees, including leaves, branches with less than 1.5 inch
diarmeter and stumplroots.

Marawasod processing atats from sawing paraweoad into specified dimensicns and
quality. Loss of parawoed during sawing is higher than other woods boesause of defects
in its own texture. Approximately 63% of wood waste (slap cuts and saw dust} ocour
fram sawn processing. Therefore maere over 5 million tens of wood wastes remaining fued
supaly. The mainly of blomass user is biomass power plant followed by particleboard,
wood drying, food industry, biomass pellets and plastics/chemical industry respectively.
Table 5§ showed the bicmass consumption in 2ach industry and the capacity of each

industry.
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Table & Biomass consuniption for each industry
Blomass userbiomass derrand {tons/year!
Province Woad Plastics! Food® B.omass Bicmass Particieboard Total
drying* Chemical* ° pow&i peflefs ™ * articieboar ata
plant
Sorgkh'z 197 023 19,732 106 393 250,800 105,214 519 200 1,343 483
Yala 133 576 9851 4,925 704,200 - - L84 203
Pattani 24 828 - 51,077 138 £00 - - 180 855
Marathiwal 28 554 - G, 695 105,000 - - 115 98
Syratthant 178,306 af.181 291,584 - 1,057 456 873,500 2888 0aT
Kraoi G 033 - 195 053 . 255 DAG
Phang-nga 985 - - 137,200 92, 1410) 45,000 275 345
Makom Sri
123140 Qa5 82 601 20 L i
Thermmarat | | ] : 250,400 115200 59,000 H41.5328
Tramg 132 591 - 152675 T4 892 545,560 - 807521
Phathalug 16,742 - - i j _ 19702
=atun o 851 - 34470 - 192,000 - 205, 330
 Total | -914189 -| - R4718 | B46,696 |- 1,660,582 7 2,121,590 1,396,700 B, 74T AEY
Forrark: * Caivedaled D hoier vapgoiy from Sreen Eofer profsct SIOESE, 2071 F)

** Ealimated by pland cagaety and Energy Rogolafary Commizzion only CC0 operated

= Fafimaind hy plant napecity and site survey [2014)
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Biomass Residue
Wood waste from sawing parawood in sawmill {Table 4} dzducted biomass

consumption from bicmass user in Table 5 that is the biomass remain showed in Table 5,

Takle § bicmass remaining

Biumass (Tons fresh}
Province Wood wasto R ' : .
o S Branches | Stump/Roots @ . @
{Wood slap) - - - ' biomass
Songkhla 759,087 1161,183 754628 2,654,397
Yala 669,629 860,101 558,060 ;2,388,690
Pattani 38 469 127,158 82662 | 248328
Maratniwat 20,286 749,600 75212 2,045,008
Suratthani 1016149 1,748,785 1,135,496 3 901,430
Krabi 238,861 285392 172,473 576726
Phang-nga 219,490 263,734 171395 | 654619 |
Nakarn 51 812125 774,661 503,423 2 090,204
i hammarak _
Trang 186,322 583,150 378,676 1,148,443
Phathalung 818,353 445 508 289 584 1.551 540
_Satun | 125838 183,026 | 120443 444,307
' Total 6,082,614 7,172,416 4,549,255 17,804,285

Farnark Wit waafo rarmaine = Whond waate peveien (Tabfo §) = Sioress damand [(Tabis S

Eiomass power plant of GED at a capacity of 20 MW reguires biomass
approximataely 300,000 fons/year. Seenaro 1, 2 and 2 n 11 provincas there are almost
2.67 millian tons, 5.17 million tons and 0.26 million tons per year aof biomass remaining

respeciively, Yhen conzidering by provinges in this vear § was found that;

« Scenarios 1 {DOAEY. 3 provinces had wood waste remain enough for {3ED

requirement except Pattani,

e Scenarios 2 (DIWY 2 prowinces had wood waste remsin enough for GED

requiremsant except Pattani and Narathiwat.

o Scenarios 3 {RFD: there are no provinee had waood waste remain enough for

GED requirement.

Furthermore GED should manage the fuel supply by using the other bismass

from para rubber tree such as branches, stump and roofs. In the case of felling all of

Firal repar:
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para rubber frae fram 25 years old (seenano 1 Thars are many branckes, stump and

roots left in the harvest area. Howewer MOF industry requires branches for their

feedatock 1.88 milion tans a year (Sengkla and Suratthanih, thercfore knally whan

including residuc from branches, stump and roots the biomass remsin wil be more than

GELD requirement except Fattan as show in Tabte 7.

Table ¥ Grand ictsl of biomass remains

Binmass [Tons fregh) -

? Frovines T;?::;::;: Branch Stmnp;’Ruots Grand Tl:at-_e_ul
' Songkhia 739.087 | ) 754,626 | 1,493413
‘vala | @69.4620 850,701 558,060 | 2,388 680
Pattani 38,460 127,98 82662 | 248326
Narathiwat | 520,286 748,600 | 375,212 | 2,045,068
Suratthani 1,016,145 7,340,785 1,136 496 3.493,43;13'
Xrabi 233861 | 285392 172,473 575,726
Bhang-nga | 219490 | 263734 | 171,395 654619
?ﬁ:ﬁ:&;gt 812,128 774 851 503,428 2,04D, 204
Trang 186,322 583,150 178,975 1,145 448
Ohathatung | B16,358 | 445508 | 286584 1,551 540
Satun 125,738 193,026 125,443 444307 |
Total 6,082,614 | 5,503,233 | 4,549,285 16,235,102

Femark ©wood waste o srenanc ?

Biomass Quantity Forecast

The “direct methed" framework adepted in forecasting the hiomass quanlily

consizted of 5 main steps as followed;

1} Calculate the area of over-25-year-old rukber trees (rai} using the current

rubiber plantation areas classified by ages and provinsa.

2} Determine the actual rubber tree fell {ton trenk] which the analysis currently

assumeas that the actual rubber tree fall is all 25-year-ald ar more rubher trees.
3] Determine the remaining wood waste (ton wood waste) by subtracting
the wood waste supply from the actual rubber tree fell by demand from related

industries.

Final report
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4) Beterrming the remalning branch {ton branch} by subtracting the branch
supply from the actual rukbber tree fell by demand from relaied industriss.
£) Display tne summarized output {ton hicmass)

The resul?s of biomass guantify forecast shoe that in 2005 all provinces have. more
biomass (wood wasie) except Pattani. In 28016 fonward Songkla, Yala and MNarathival ate
short of biomass buf Marathiwat still temaining until 2043 as shown in Figure 1 and
Figure 2. Therefore GED sheuld carsfully to manage the feedstock and plan to bring

other feedstock used instead such as branchas stuinp and root of para rukbber tree.
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Figure 1 biomass quantity forecast for 4 provinces
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Figure 2 biomass quantity forecast for 7 provinces

Eecommendatign
in order to manage fuel supply for stability and reliakility of the power plant. The

biomass power plant investors shotld have their own blomass resenves due fu biomass
shortage during rainy seasan of fuel marked price is uneconomic and etc. Generaly, the
siudy should recormmend a reserve of biomass fuel from energy crop plantation at the
croportion of 70:30 percent (Flantation : Waste). Biomass power plant investors should
have short rotation energy crops such as Leucasna or Eucalypius plantation for their

FESEWE,

In lhe study of Kaselsarl University, it had found that the appropriata retation of
both energy crops should be 2 to 3 years old where their heating value is not much
different. In this study, we select Acacia and Leucaena as aur energy crop at the age of
3 years ald that yield about 12 tannes / rai / year {excluding stump and roct).

GEN requires hiomass fuel for power plant approximately 300,000 tansfyear. The

tofal enatgy crop plantation area could be caleulated as below:
Plantation area = {300,000*0_7) f 12 = 17 500 Raifyear
Tha energy crop rotation period = 3 years
Total plantation area =17000x%x3 =502 500 Fai

50 the total plantation area of Acacia or Leucaena should be around 52,550 Rai.
If GED aspires to reduse plantation area of this energy crop. GED should manage the

e L e Lol P oot e T h Lk U e L B e ¢ n e A L A R R 2 A ool LA ke L 1 r'!-"“i’.r'u"‘ﬁ? o
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fuel by using olhar bicmass such as brancnes, stmp and roct those mers than enough
for reguirement as shown in Figure 3 and Figuie 4. The iong-term contrast “arming is

ancther choice for GED o manage the fuel supply.
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Safety Data Sheet (SDS)



Ferric Chloride




LI R DT RN SATME TSR Ly T3
wl'_-’_ g vl
1 L .
ey MCOTNG INDUSTRY €O, LTI
"'H-F- -
“E Q"Eﬁlﬁ;" - £ArT) Mbe F, Ranghon § Rd | Hapgihzem, Tonghok T Trallend, -
., |
: b “Lel, 028 L 1536, D281 0-1345, I3 454-E515-20 Kax L 1230 He
1 i il
" .
. i l
I _ )
i ) . MATERIALS SAFKTY DATA SHEEY
i | ¥
| | '|' —

S WM, 1 Cre. 57 23R Ov-0EMM FL

1L GE]'TEB.!.\L Lbummiaum-:
?;w:lmw NM-[E ¢ Paiy Clerita

£ I-:-d.L..'-_L lh'_-’l.,'!'-f‘."'..‘ll.'lf‘ll;!'lms : T (TR Chiveite Soliion

:,HEmz:AL vu:rwui;a P,

}'T.J;:ﬂm.-.l.,"ﬂpn"ER J LINEH LML Bild Y G0 2T

: I it Ao & Maongron SR, Neoghbaas Sdogdak LMD Dallaat
T de s GIBIMIE . MMM e I

5. FIRST AE'F;_.]:I?_H’{%HIM.‘HJN '

TR 1 I.Jm-muj.’- Rutd w3l Weter wAler T s Icast 30 emtmtes, Seek Fsiniely edicl

. ‘,:!‘ﬁ:ltﬂi!.‘ﬂF 'nrt. ]

.ﬂuhe ﬁm_iate‘.a !'ln_'lb wils weder fe 0 Jaast 20 rpdmoce wigle vemcring piehing asd oo (oot
;nr:_ﬂx.u

“HETAT A LD ‘:'h.—l m n“r fezale fhoh ape, iF syplai praasst gt ioedical belp. :

D[GE‘I.".E.‘&;' f Il' pinseimus. fomedatey glve £ b o glases of wamr or mild aed Faduca wc!'l’lu'ls

r_-‘-{!am.,.t_'nﬂ a’ ; ,g%;jy_im o eerpsarad mist e w.pe‘- ity Lk ipgARon Al Gw aespamany 'I.l‘d.IEI..

mfm?i’:‘l‘.::‘:'i u_npslm nany cxura overn ey Fmiw Kl dhmage and oy e e,

U.IEE"..H?T 100 Too produiy i i Goibut Cortect mby foiude eelelinn il sy 302 Wikzarkdret

1 sty Fertie hiodde hos besn ffequeraly |sociyed wik sifa sosdmbld

. B - mpaih -[uak_lf h;:: tharrugh ~n-rg.-:h.m* mﬂ: waterd

B trucking Eopss v Tuh e Couess Bol Breuedile medis] e i

—- 1:_ e — 7

% TAZARDS INFOEMATION

! § i hermirT, Exanst=t’ eopoere panly jend B3 g wWeemation Hmverity iz pecamily
! - 4 :
' detgrmine: by ik bancioralion wxl PEApRTney Bl e sdigian 4 Srtid of
| S




FEFUATS A

E PO Ure A inma prriaf FL

I GEeBlT1 A0 LECRLME S YT EackE i}

5. TIHE FIGATING MEASUEES

Fi AAMMASLE TROPERTEES ©

Rupriztilty L A

bales r e aeplioneh,

oo £ s

. N .
CRBMENL {}FF.G'_H'I-L'_:{_ Ll wek el hal-
G d
ATTTENRT 4] i Il.[‘_":" :| ud. mlonnle,

AL IL}ILhTHbH TRAFERATIRD | oo a;;m!;;;

r:.a:.umsﬁ_um}m % BY VRUMR
m.-f.-% _ﬁw..-..-ﬁn Lm L7, mpdleable,
; 'I'I:_.'v;'_ F{in:lwz:r' Elj'nll t tail wpolicobis,
Exmmu;s.tmm:.érsam L smier sy, g, frain L dey il €0, € ST Aty 2
T st fir mosyg G
| eE ROTTRG msgm;':'fhws D Ar duamy M, wear sET - ponidres Brenhiny sppares
Co % u presarn - Sanand, MFHLL UGS famyovet ar equivalec)
i £14 Rl prvinetiva poar. Krsg wmabbontary poinhs sy , 136l
. ,' tiudh rma and Gy v, Sy wpaiaG , keap ook & taw e
: . -":l:' Thring 8w, idmabg 400 e pdtes of dufopen chicdds
.i : ; % ey B piirued m chemg] deeomeaion Dol ol of
: | slormen Lssha,
(BT AN ] anmiw HAZARDR ; Hoae
d HF#{SIm'r: 10 bEELI-hTN]-L;ﬂL R L TATIC UUHARGE ¢ mﬁaatslﬂ

2, SLANDLIFG A

e atee i'n-

AND ETORAGE
L mif; _Lrig alkslics 1d lbaff vy, Faes cominers elosed ad dey.

Headut mdm ;'ivﬁlrb:ﬂma.i Ermsge. §Teo handling, speioecert (pumgs, foson , oio] conrpuitle !
|
Wit i-rﬂ:h-.‘:r. 'ﬁ..]'nisﬂhb:.r, g, EVC, Telton, mebber . FRT . md Siamien !
AvE soriaed SRS o ped e Wish thorcaghly b oot g, Fellow oil MADEZ) proczalims
m&aﬁwa;mmis &&é&hmmwﬁmymh}nﬂpwa:dpmtm. |
------ '-u'_l._l_n!—--u.ﬁ. - - — | ]
- . A I
: . I ;
i L !
: A i !
: ; .1[ i i !
SN : ;—
f i; J ) I :
|I. - 1‘} #J : T i

[V

—_ e we— e —a

el e



: B Ll 3 I A T R

- aa
_. T,ﬂ’%ﬁ-‘

LF

i T Pl bt
I N n:'v]-l B Tl borily PET
A W) HA N e -
: -
L —

ly, £XDOSGRE C-t‘tﬁ!m‘! wm’nqu\f.u. FHLTE BTN

E of wighd
l L LAYIE - ik B st wesilatien, Hmad e pafHeleet do cordrel 2 Bort yrla ol it
: oI b Tpﬂ' !
RfS[‘L’M‘I‘.‘m: m_h_mils\l ¢ tles LSRR kS, eprened ., A7 B ity 8 SEMETHE.

L: it WG oAt 13 deEeT apuatan bR |

i : o
fi-:,vr,-_'m GL,-U'-.'-" : o pimh impervicuy b phnes
zvis TUTE T::u\. w.:ur sptad pal :u.:.m subbe 20, T MR Won thsbarl Junlts,

AHER "'m_l."'l'l‘-" F-Qiﬂﬁm-ﬁ' oo oo cluiag T wlamm M e, Fb- iz

1' b . sifld grd e b rod 1zt e e - bty
. ‘I ri : vt AevTmbadd & sppeefisde, Fasiitps fisink ot oHligng
A Tty Cet st b cQUiEpEd i 4 gy Ll
. I i ’ L : SR BT,
--cmm;lmmc TRACRLD ¢ .-1-11.r-l:| nreallin: fmes, (e phves wien hodlg
tgnde te 10
A tmzmc,m. Ly Y
.- i : - Lipkl Cyeen

f gFiglely irsoiacy]
Lader 1hr|s:h.:l-|i 5 E daty nor bl
ke, S:..rh 3 i Sl

".l"ap:.r F'mr*.l'ijﬂ?lm_}] ., Mg]i.m;ﬁ'ln.
spf L -:vm L,x 1 ' L8 molilim e 132 4 1 % (RS 1)

arr

'-‘htqﬁn'ﬁr P R e

T
I
At <10
!' 2B o I.wa".:
[ . ot upediaide {Atr - T
- T (Pt forbain = 1
"1 PF 2 b
E‘.‘!'r-rr?:w.-i.?urn » ppedieab’e
; dua mied ealkig
- as applfcable
L alisits L

[r

wiring E[Ir‘ :

f m————— e
pmm iy mmmr = [P Canms

et e

— . .

i — bt 1

e —



FEe I, 7 Guro L7 IO 7 LIT™
gy T p——— — J— [P -
L i
EH
i1
el
o .,s'?'---.- 311955 QeRhIT DAY P
i

i

1

L

] ST piﬁmu ACs CRTHBITENR TO ANOID :

1 }-tnr..l.,:l s s-:-.'rﬂn vl Brpcnhy dled, MRatl @ Srh £ oLty cacs! ol
fu'c's-.'ll"r.:rsnﬁ'w‘lh Areyg alolis 2wt .L'r,r_i [ ETACN

i j{wﬂﬁﬂqa u:cm.h:e:.:mm FRODUTT

oy o nime h:—u’a'bsm chlomdz g5 =t el Jempemni. .

. mm'! T‘t _--E.I#. .
CINCRA. o T.'|.: ;[oL'I.u.T in stelshe ool hamredeng prlvoasszati wll At dbeus

1
i, ui:njnhmf PI-tU'lﬁLIILN ARD RGURPMENT

.L, :,_L.;\.}}nﬁ i wur speopie el i wailee T is YTk Rl roiramt bing

T e x..y ,Am.,d. Eapbn. mitbar glaves dinfty s ifphe | o] m';‘r av: afe PETTETEATE
ul| a5k, .gw ﬁ.ﬂﬁ b Ected Tty gl prpkded fam weatier, i Vinde will Lrain aog -\qu.'i.-n!

e it W I;ﬁ'ﬁw.:mb:ru

ey ——

A :i__ : o
Y
i b .
i
I i
: r R .
:' BN " H "
. | =
: T .
; g o o
H LR - H
' 1. .
1 !
i - i - o
i - -
3 i ¢
| | .
I
| Ly . e
- R . '
i 1 E 1"--
1 : p ' .__.-r"'/ i
T vd i
K [ i 1.
) [ ; el i
. AN v i, 7
£ B -
hHoY ' -
. '
A : i
N et :
H| 2 . L
i 3 ou : .
: i3 3 A ;i
i, toe i B
. S ) -
L [ = Y i
e T L
1 E.';" s - -~ i

ey e e

L I AL AL S e et e s



Sodium Hypochorite
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Siam PVE Chemicals Co. Lt
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5. RIS MU ANIS1RYY (Chemical Classticalion)
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CA% Ne

L681-380

2.3

3. a19sznouRiDudvnT 18 (Hazardons Tngredients)
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Siam PVE Chemicals Co.,Lid,

¢, doyamanien mtnzinil (Physieal end Chemical Data)
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41 7410 . pipAR > 10 S0 (230 F @760 mnT Ty
(Mo Hing Potat °C)

42 ANBOMMEY  : ND
{Boiling Point 'C)
42 araduln L A
(Vapous Pressire kPal)
4.4 ﬂvrﬂsfﬂﬂ‘lﬁ'lmf'i: STk LG 1000 wrth
{Salubility in Waier)
45 anantadume 127
(Spoeific Gravily (B0 = 1.0))
A% SNTIAETEIMY ¢ NA
{Evanoiating Rasz)
i demesfunendy  snavanlyBdesondeindeaisy Aafuaucidousadty
{Appearsrca calour and Odos)

45 aveiilunsamie o Shidte pH 2100 el

(pEf-value}

5, doyndudeRfunarnasziEa (Bive and Explosion Hazard Data)

an 211 1ol (Flash Poiat) © NA
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5.
5.2 Fadiirmiefiald (Plasmable tsite-LEL) :
fdign (LEL)% : NA AtTA (ALY NA

A -
53 guunpfifimitsofia T+ 1809 (Awnigeiion Tomperature) + NA
s4 mafrdfifenand Chemica) Reactivity)
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6.1 MMIAEFIM (Ways of Fxposure)
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Materia! Safeiy Data Sheet - BETZDEARBORN AP1103 Page 1 af 5

GE Betz

(E Betz, Inc. Material Safety Data Sheet
4636 Somerton Roarl
Trevese, PA 18053 fesue Date: 24-AlUG-2000

Business telaphone: (215) 355-3300

£MERGENCY TELEPHONE {Health/Accident): (800} 877-1940

1 PRODUCT IDENTIFICATION
PRODIUCT NAME:
BETZDEARBORN AP1100
PRODUCT AFPLICATION AREA:
FLOCCLULANT.
Z COMPOSITION / INFORMATION ON INGREDIENTS

Irnfarmation for speciic produdd grestents as required by the

1.5, OSHA HAZARD COMMUNICATION STAMDARD j= listed, Hafar fo
additional sections of ks MSOS for sur 2ssessment of the potent:al
hazards of this formulation.

HAZARDOUS TNGREDIENTS:

This produrct i met hazardous as defined by OSHA regutations.

Mo component I considered Lo be a cardnogen by the Mational Toxicology
Frogram, the International Agency for Research on Canear, of the

Ocoupational Safety and Heafth Administration at G5HA threstolds for
Larlnogens. '

3 HAZARDS IDENTIFICATION

e e o o o 6 o e s oo ok oo S 9 S K B o ok sk R ek bk R A R ok
EMERGENGY OVERVIEW

CANTILN

May cause slight irritation to the skin. May cause moderate
Imftation o the eyes. Dusts may cause irrtatics to the upper
respiratory track,

DO hazard is not eppllcaizle

Emargency Resprnse Gulde is not applicable
Odor: Mone; Appearances Whike, Powdar

hitp: {/tsg.gesm.ge.comfge_belz_msds/Betz HTML/PRODUCTS/FEDYBETZLE... Gf2942007

-2



Material Safety Data Sheel - SETZDEARBCRN APL1QG Page 2of 5

Flrer Fightars shou'd wesr positive pressure seif-contzined breathing
apnaratus(full face-plece type). Proper fre-extinguishiing media:

dry Crantcal OO foam o waler--slippery conditon; use sand/orit.
F ek e AR R kR R R B R ok ks sk ek bk Dk bk ke kaciokek ke M Rk kR R R ok R R R R Rk A e

POTENTIAL HEALTH EFFECTS

ACUTE SHIN EFFECTS!
Pritnary route of exposurs; May cause sitght ratatlon to £he skin,

ACLUTE EYE EFFECTS:
May cause miederals irdkailen o the eyes,

ACIUFTE RESPIRATORY EFFECTS:
Pusts gy ceuss irdtation (o the dpper respiratony thack,

INGESTION EFFECTS!
May catlse shghi gastreintastnal irritation with possible nausca,
vorribing, abdomingl discomfort and dlarrhea,

TARGET QRGANS:
Me evidence of potandal chronic effects,

MEDICAL CONDITIONS AGGRAVATED:
Mol koo,

EYMPTOMS OF EXFOSURE!
May rause redess or ixhing of s,

4 FIRST AID MEASURES

SHIN CONTACT:
wash thorcughly with soep and water. Removs cortaminated dothing.
Geet radical abterbon if intation davalops or perslsis.

EYE CONTACT:
Remove contact lanses, Hald ayelds apars, Immadiately flush eyes
with plarty of low-presaure waber for at least 15 minwfies, Gek
immediate medical aterticn.

INBALATION:
I nasal, thwoat or eng Imimtion develons - remove to frash air
& get medical abentlars.

INGESTION:
Do rert fred anything by mouth ke an Lrnsgious o oovaishe
victim. Do not induoe vomitieg, Immedately contact physiclan,
Dilute contenks of stomach 11slng 3-4 glasses midc or water,

NOTES TO PHYSICTANS!
Mo special Instructlons

% FIRE FIGHTING MEASURES

FIRE FIGHVING INSTRUCTIGNS:
Fire fiphters should wear posliive pressure self-contained breathing
eppamatus (Nl fave-plece type).
EXTINGUISHIRG MEDIA:
cry chemical/CO2ffoam or wator—sippery condilion; Use sand/grit.
HAZARDOUS DECOMPOSITION PRODUCTS:
Thermal decompositicn {destructhes fires) vielos elemeantat oxicks.
FLASH FOIMNT:

http:/ftsg.gesm.ge.com/ge. betz msds/Betz_HTML/PRODUCTS/FED/BETZDE.,, 6/29/2007
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= ICOF w B30 PMIC0

6 ACCIDENTAL RELEASE MEASURES

PROTECTION AMD SPILL CONRTAINMENT:
Vantllame area. Use soeciflad proteclive equipment. Contain and
ansorh an absoroent material, Placa in waste disposai cortatnes,
Fiush arca with water, Wel area may he slipsery. Spread sand/grit
DISPOSAL INSTRUCTIONS:
Watar corcarninates with this praducl 1n2y be sznb ba @ sanitary swer
treatrmenk facility, ; accordanie with any local acreement 2 permtted
watte treatmiznt facillby of dlechargod under & permit. Procuck
a% 15 - Incinerate or la—d dispose in ans approved landfi.

7 MANDLING & STORAGE

HANDLING:
Mormal chernical hancling.

STAORAGE:
Keep contdiners cosed when net in use. Feasanable and sala
chemical slorage. Keep dry.

8 EXPOSURE CONTROLS / PERSONAL PROTECTION

EXPOSURE EIMITS
Thig product i nok hazardous 25 defincd Dy G35A regulations.,

ENGINEERING COMTROLE:
adequata vontilatlan
PERSONAL PROTECTIVE EQUIPMENT:
Use protective equiprtent In accordance with 29CFR 1910 Subpart |
RESPIRATORY PROTECTION:
A RESPIRATORY PROTECTION PROGRAM THAT MEETS O5HA' 25 CFR
1010, 154 AND ANSI 788.2 REQUIREMENTS MUST BE FOLLOWED WHENEVER
WORKPLACE CONOLTIONS WARRANT A RESPIRATOR'S USE.
USE ATR PURIFYING RESPIRATORS WITHIN USE LIMITATIONS ASSOCIATED
WITH THE EQUIPMENT OR ELSE USE SUPPLIED ATR-RESFI#ATORS,
If air-purkiying respirztor Use is appropriate, LU A
reapirator with dustimist Nltars,
SKIN PROTECTICN:
neopreie glaves-- Wash off after each use. Repiace as
NeCessary.
EYE PROTECTION:
airtioht chemical goggles

¢ PHYSICAL & CHEMICAL PROPERTIES

Diarsity 42,000 [bfcu. Vapo- Pressure fmmHG) < 0.1
Freeys Falitk (F) [tA Vapor Density (gir=1) < 1.00
Freaze Foint () A,

Wlscosib{cps FOE21C)  MA % Solubility pwater) 1.0
Odor Monea

Appearance Whits

Fhysfal Siaka Powitsr

http://tsg.gesm.ge.comige_b stz msds/Betz. HTMLPRODUCTS/FED/BETZDE...  §/28/2007
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Material Safety Data Shecl, - BETZDEARBORM AF1100

Figsh Foint PHM[CC) > A00F > B30
pH 556 Soi, (2opro) 1.0
Evapotation Rate (Ether=1) = 1.00

WA = not applicable  ND = not datermined

16 STABILITY & REACTIVITY

STABILITY:
Staplo Lpder narmal sterace conditians,
HAZARDOUS POLYMERIZATION:
Wil piot coeur.
INCOMPATIBILITIES:
May react With strung oxidizers,
BECOMPOSITION PRODUCTS:
Thermal ¢ecomposition (destruckive Nres) yields alemental oxides.
INTERNAL PLIMPOUT/CLEANQUT CATEGCRIES:
I1AI’

11 TOXICOLOGICAL INFORMATICN

Orab LDSD RAT: »5,000 my/ka

28 Day Orat RATDOG, NEGATIVE
NGTE - Rat bwo year feed: no atvarss effedts. Dag nne-year foer!
ne acherse effects,

Depma; LRG0 RABBLT: = 2,000 mefkg
HOTE - Maon-toxic at hioh dose leveis

Elin Irritabion Score RASEIT: WEGA MTYE

Eye Irrltation Score RABBIT: SLTGEHT

Skip Sanstizelion G.PEG: WEGATIVE

12 ECOLOGICAL INFORMATION

AQUATIC TOXICOLOGY

Glueglll Surfish 46 Hour Stabic Soeen
0% Martaller= 300 mgd.

Ceriodantinia 48 Hour Static Arute Bloassay
LEsh= 5; No Effect Level= 1.6 mg/l

Daptwia magns 48 Hour Static Soreen
1% Mortallby= 500 ngiL

Fathozd Minnow 26 Hour Static Soree s
0% Mortaliy= 500 Mgyl

Rainhow Trout 72 Hour Static Scresn
ne6 Mortality= 100 mafL

BIOPEGRADATICON
BOD-28 (mgf): 22
BOD-5 [mafg): 1
COn {moday 28340
TOU (mgig): BE0

13 DISPOSAL CONSIDERATIONS

If “itts undiluted product Is discarded as a waste, tha US RERA
harardous wasts identiflcation number s

nitp://teg.gesm.ga.com/ge_hetz_msds/ Betz HTML/PRODUCTS/FEDYBETZDE...

25—
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Mt spphicehis.

Flease ba advised; nowever, Lhal etate and iocst requiraments for
waske disposzl may be mora mestrictiva or otherwisz diferant frem
Federal regubstions. Consuid state and iccal reguiation:s segarding

tha piopar disposal of this material.

14 TRANSPORT INFORMATEON

BOT HAZMRDY Mat Applicable
UM S A NUMBER, Mot applicable
COT EMERGENCY RESPOSSE GUIDE +: mob applicatfe

15 REGULATORY INFORMATICN

TSCA:
Al components of this preduct are listed in the TSCA inventony.

CERCLA ANDJOR SARA REPORTABLE QUANTITY {ROQ):
Mo regulated consStuent present & OSHA threshalds
SARA SECTION 312 HAZARD CLASS:
Product is non-hazardous uider Section 311312
SARA SECTION 302 CHEMICALS:
Ho reglletad constituant presert ab QSHE threshatcs
EARA SECTION 313 CHEMICALS:
Mo reculabed constitient present af QSHA thresholls
CALTFORNIA REGULATORY INFORMAYION

CALIFORNIA SAFE DRINKING WATER. AND TOXIC
ENFORCEMENT ACT (PROPOSITION 85} CHEMICALS PRESENT:

Mo requiated constitaent presanl a8 OSHL threshakrds
MEICHIGAN REGLULATORY INFORMATION

Mo requiated consttuent orasent at O5HA threshotds

16 OTHER INFORMATION

NfPASHMIS CODRE TRANSLATICN
Meaalth 1 Slight Hazard
Fire t Sflghk Hazarnd
Rezactiviby { Yippmal Hasapd
Speacial MOME Mo spadat Hazarc

(1) Protecthve Equipment B aogefes,Gloves

{17 refer to sectlon § of M30% for addiflonat protective aquipment
recortinencations.

CHAHGE LOG
EFFECTIVE
DATE REVISIONS TO SECTION:  SUPERCEDES
M3DS setus: 24-JUL-1997 e NEW ¥
J-AUG-2000 4 24-1UE-1997

nttp://teg.gesm, ge com/ge_betz_msds/Betz HTML/PRODUCTS/FED/BETZDE...  6/29/2007
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Sulfuric acid




Mumehat Inansiry eo., Lid,
Moierinf Safeiy data sheet
Sulfuric arid
1. Prizikiiel Dak
FAd Trocke nane
Clgirmical name « Salturic aeid
1.4 Uae : Material use warer treatment , piky & paper industy, Load Storags baterics.
1.3 Mhamufoeine - Mumchal Indastry oo, Lic,
Factory * 84 Moot oo 2 Bd. Banglovad smphur Musng. Sanutsalkorn Y4000
Tal Q34 845 G756 Mk, (134-845-077
2 Chemicieal clazsilfeation
TEAL T6R4-03-0
22 HNANA pumbaer s TRIT

3 Humardous Ingrediont

I
| Luhstangs Percant T C
j TL¥ L1pE0furl Rad)

H,50, N _QH .%

N p—

]'.H'I@'HT: CIWA) AN mpficg

4, Phyzical anef clicnricyl dain
A} Bailimg paind “C =281°C
4.2 Melking Toint "0 = 10 "C (annydrors asid)
4.3 Mapotus Pressne @1 rom Ty ac 7458 kS
1.4 solnbiliny imwater @ Comploledy miscible
4.5 Spoeific previly © [LRI277C
4.6 Lvaparaiig KRate ; Mol applicalle
4.7 Apneavance color ;| Mo edome, ¢lear , Oalowriess | Hygroscopic

A% B Walee -0 1.0

|
|



5 Tz aned Fapioseen | lazae Dala
A1 Blash point: Ned tanma e
.3 Flammabede Limilz « Ma? applieahlz
S Avdnimibet wmpsamre 1 Not laneenlle
A Cliessiical Beachviiy @ Mol applicabls
5.5 Malerial to avold : Urgraric matber | Bases & Matals
5.6 Haeardons Vecomposition Product 1 Can generele sulphur oxdas from decomposition
B dmidiziop Reastion.
&, Theaith fsud Laka
fl wnys ol cyposere ; Skin contack Tabalation Acuf: , alation cieonic | Tnpestion
6.2 1ocal effects {Skin |, cyes , Mouse , wembemizs)
Skin Tapidiy causcs suveis s, May resullion in Dermatieds,
Fyws - Cansos severs o0 prerinament ingury
Fithakii: @ Damage oo wper rospdrdtory ol & ings
Ligresslion : My sanse sovers ijury o death | sencuas burns o wowss, psrrphafug
& Slomnunel
(2.3 Eilectz of Overoepomne Toong Teaw
Coacingnpeniciy and lomge - ten, effoets
The nurtlality mle Bom g canees wes found o be sspmficantly elevated m
wirkeny cxpesed 10 aaffaric acid mist (ad in workess exposed o other acids) during steel -
gickling oporolions
The possibility of # caveitowenic offcet 15 also swepcsled by s study whigly Tonend
ipher (il el stafislically signdfizant }mestelivy Iroo: Toag and laryngeal concar m soap
rroduclian wearkers
A positive sssocialion has been shown betweon the development (o upper
respimmlery tovd enneer and cxpozire to sulfiwic astd mist ot an oil relinery
YLsaEtly wcases
7.1 Spzeial pratection Informaticn
L1 Firc ?-'ﬂ].':} Lsnbosfor prevantion : Not Flammuble
1 Verdiletion @ Locel or genersal ventitabion to contral Process e belonsr e
perrmegsibliz Hiids
713 Weapitory peotcciion pe © o to §n mgﬁmi mas mask with acid estt.

114 Hland prodetivn - Gloves {zpesity ubber,

‘L
-



715 Cye pretoction @ Safoy pogsles or facoshiefd no contaet lomees,

715 Ofoer prcresrion ©iuves oyc peioral ventHatinn 1o condesi procuss sis
Lgzbowwe tite pegniissible Hais |

7.3 Firsd uiel

31 Faes contaek : Flush with warm water including under the eve lide | at Teast
M) ovipareen | avelomedica attentinm, Smmnedtaloly.

7.2.2 Skin eownbac| s retove coitaminabed cleiliing wider flush affecred area with
wearm mater for al Joagt 20 mintes, H hams lave ooeurned |, sesk medical alieniborn:,

120 Inhalatton sonmet ; Remeve vietim to frech st ad sopaart breating ; ose
medica oxypen i available if Dreaihinyg Las stopped . ase rescne breadhing i heart besl s abgent |
corramence cadiopu lnuiary resnseifation sevk wadicsl attention immediately,

8 Mpecinl Lashiection

B¢ Handine imnd storing

Hidiieg - Iulk potective equepment , tubhoy glover, apions & hoots it high acid wist
rgngs e im e ek @as sk it less thaes 14 mg-’m‘ goid pas cartridges 1 adeguale,

Stosags re goiremesls 1 Swere i coel, 1vy vontilaled arva acid renstand Eoors with goad
Sratnage. Fenp awey [rin npanie matorisl | exidizieg apantz & Metaliie pewders.

.2 Clorrosivoncss ; Storaae in 100

8.5 Patipntishing madia ¢ nol cowbuasticn



Sodium Hydroxide




WiATERIAL SAFETY DATA SHEET

MMALCQ} PRODUCT

Sodium Hydroxide

EM EREGENCY TELERHO RE MUMBER

(Aon) 424-4300 (24 Hours) CHEMTREC

ENGINECRiiG MEASURES ;
(Seneral vertlation i recommerded, Use looal exhaust vantilztion if necessary U contral airbome mist and vapar,

RESPIRATCRY PROTECTIOM

IF gfeificant mists, vapors cr Asrosols ore generaled an appioved respirator ‘s recommerded. A dust, mist, fume
curtidge nay be used. i avent of emergensy or Rlanred antry into NN concantrations @ postive pressune,
full-facepiece SC3A shoutd ba ussd. If rezpiratory proteclicn is raguires, institue @ complele respleatery 2rotact'on
program inchuling seiection, fit tasting. training, maintenance and inspecliang.

HARD PROTECTION ¢
Macprens glaves, h-le gloves, PVYE glovos, Buby' gicves, Rubker glaves

SkKIM PEROTECTEIN -
Wear cheen'cal resistant spron, chemical solash gaggles, imparvious gloves snd poats, A full slickar suit is
rocommended i gross sxsosuns is possible.

EYE PROTECTHIN .
Waar a faca shigld with chemisal splash gegglas.

HYGIENE RECOMWMENGATIONS |
Eyo wash siation ant safely shower are necessary, [Folothing is contaminaled, rarmoive <fething and ihercighly
washs the affecad arpa. Lounder sontarminated olething before rause,

9. | PHYSICAL AND CHEMICAL PROPERTIES

FRYSICAL STATE Liguid

APPEARARNGE o ess

Qoo e

BPCCIFIC GRMAWTY 148 . 1,04 @ 7T Ff23° C
DEMNSITY 128 [vgal

SOLLUBLTY 1IN WATER Gﬂmplele

pH {100 &%) 14

VISCOSITY M0ces @ BE=F/200 Q
FREELIMNGEG POINT BRATFMa

BOILIMNG POINT 203 Fr143° C

VAPDR PRESZURE 18mmHy @ a8 Flz20r G

[10. | STABILITY AND REAGTIVITY

STABILITY ;
Slable weler narmal condltions,

NALCO Company NALDO Cenler « Mapenville, [[linois G565 1158
[E30305-1040
404



RATERIAL BAFETY DATA SHEEY

%NALC@ PRODUCT

Zodium Hydroxide

EMAERGENGY TELEFHONE NUVMBER

(B0 424-9300 (24 Hours) FRERTREE

HAZARDOLS POUYMER ZATION ¢
Hazardouws polyrme saton wiil not oo

CORHTIONS TO AVCIE !
Frooz'ng torporatures.

MATERIALS T AVOLT

Contacl with strang acids (o.9. suifurc, shosphor.c, sitric. hydecchaof e, chrotnis, sulfanic) may generate oo,
spladaring or baiifng and toxic wapors, Cortact with reardive mota s {2.q. aluminem) may result in e geneaion of
flammatsle Fndmogsn gas.

HAFARDICLS DFCOMPOSITION PROJSC TS -
LIndar firg condibons: FHone Kmown,

11, | TOMICOLOGICAL INFORMATION

Tha follorwing results ore for the oroduct,

ACUTE ORAL TOXICITY -

Spesies LD Testes Bubstance
Rat 140 - 3473 rmakn roedant

Fallrg @ Towls

ACLUTE DERMAL TOXICITY -

Epeving Lyt Tesfed Subsiance
Babmnll 1.350 moykg Mroduct

Ratng : Mor-Hazamdous

FREIM&IY SKIN |RRTA TN

Craize Boora Tesled Substanus
40 /8.0 Product

Raling : Extremaoly mimting (Corrasive)

FPRIMARY FYE IRRITATION :

Craizea Soore Tested Subslancs
10,0 1500 Product

Fating : Extremely iritating (Corroshie)

CARCINCOGEMICITY :

Mune of the subslances In s product are listed as carcincgens by the Imlernatianal Bgency for Resaarch on
Gancer [|ARCY, <he MNational Toxcology Frogram: [MTP) gr the Amerivan Conflergice of Govaetrungntad [ndusirial
I ivgensisbs fACGENI.

HUMAN HAZARD CHARACTERIZATION :
Eased on our nazard characterizallon, e potsndial uman hazard is: Hige

NALCO Company NALCO Canter - Rapend &, [Tnos GO564-1- 56
(B30)304-1020
514



MATER!AL SAFETY DATA BREET

WNA&{:@ PRODUCT

Sodium Hydroxide

“mrm-racy

EMERGENLY TELEPRQNE NUWBER
{G60) A2A-BA0D (23 Hours)  CHEMTREC

12, TECOLOGICAL INFORMATION " 1

ECOTOXICILORICAL =FFECTS -
oo foxinity =tucies Fave been conduclsd an this product,

EMVIROMMENTAL HAAARD AND EXPOSURE CAARASTERIZATICN
Based an our bazard charactarizafios, tre poterdisl arvironimental hasard i5; Modomsio

If released ivo the wrvlhicrmont, zoe CERCEASUMERFUND i Sastion 15

13. | DISPCSAL CONSIDERATIONS

If thie product becomss @ waste, it coild meck tha criterda of a haeawdous wasts as defined by the Rasnurcs
Conservallon and Recoveny Act (RORA) 40 CFR 281, Be'wre disposa;, i srould De dstermined if the waste maets
the crisria of @ ~ezardous waels,

Hazardo.es Weaste: D002
Hazardous wastes must be transported By a lcensed hazandols waste transporter 2nd disposed ot or treated noa

procerly licensad mazardous wase lregutwm, slerane, dispoze| o7 recycling Jciily. Gurosul ocal, sale, and Rderal
regulaticns fur speciliv regtl fsments.

[14. | TRANSPCRT INFORMATION |

Tha trfzrmation in this sexlion is far sference orly and =hould not take the plsce of 4 shigping paper (bl of lading)
gpaeille o an order, Plegse neda fial the proper Shippicg Meime ! Hazamc Glass may vary by packaging, prooerties,
and mase of rensportation. Typrical Froper Shipping Names for this produet sre:

LAND TRANSFORT !
Propor Shigplng Nans : SOLMNM HYRRORIDE S0LLTCM
Techrical Mamals!
LIMFIEE Mo 2 LInd 1824
Haward Clags - Primary G
Tagking Group - I
Flash Pl Pt

DOT Reporiable Quantily (per packzge): 2,000 Ibs
COT R Component : SO0 Hy DROXIOE

AR TRANSPOR™ {[CACTATA)

Froper Shipking Mame S0 201UEM HYDROXIDE SOLUTION
Te¢hrical Mamais) -

/D Mo UM 1824

Hazard Class - Frimary a

Packing Group il

NALZO Company NALCD Genter « Naterlle, Riinoly §0563-1198
(BAUY30E-1000
kg

- 54_



WMATERIAL SAFETY DATA BHEET

%NAEWQ:@ PRODUCT

Sodium Hydroxide

EMERGEMCY TELEPHOMNE MUMBER

(B0 424-9300 {24 Hours) GHEMTREL

INTA Cargo Packng Tnslioclions a13
AT A, Cargn Alrraf | imil : 200 {Max el cuanlity e packsanes)

MARME TRANSPORT (DGO -

Proper Shippine Name : SOLIUMN EYLDRGHIDE SOLUTICN
Techncal Mamals) :

LI P UM 1624

Hazard Zlgzs - FPrimary a

Packiog Group Il

i_‘i 5 | REGULATORY INFORMATION

MATIONAL RECGULATIONS, USA

OSHA HAZART CORMMUMNCATION RULE, 20 CFR 19101200 -
Bz=cd on our hazard evaluzlon, 1Be follswhg substance(s) in hie product isfare hazardous and the rmasonishistare
shown beloar,

Sadivm Hydradda 1 Comoeive

CERCLASUPERFUND, 46 OFR 117, 302 :

This produst corteing the Salicwing Ropotable Guanbty JHL) Substance, Also fisted is the RO or e precoel. e
repartable qusniity of product is reledsed, i1requires notidcation to the HATIORNAL REZPOREE GENTER,
WASHINGTON, DG [1-B07-424- BEDZ).

R Substance fuin]
Sordiurn Hydroxide Z.o00 |bs

SARASUPERFUMI AMENIMAENTS AND REAUTHIRIZATION ACT OF T966 [TITLE I} - SECTEINE 302, 311,
FEEAMD 31

S=OTION 302 - EXTREMELY HAZARDOUS SUBSTANCES (40 CFR 335} -
Thig product does not contain subslances izted in Appendix & and B as an Exfreme’y Hazarcoas Substance.

SECTIONS 311 AMD 31E - MATERIAL SACETY DATA SHEET REQUIREMENTS (40 TR 3700
O Paeard evalualion has found this sroduct to be hazardoes. The preduct should be repetted under ihe fol owing
EPA mazard catogorios:

X Immedate (Acule) : laalh Hazard

- Celayed (Shronic) Health Haza o

- Fire Hezar

- Sixdelen Ro'essze ot Pressure Hazsrd
Reactive Haxard

Under S48 311 and 312, ihe EPA has establbaned theestold gusntides e the reporting of bhazgrdous clwsnicals,
Thier current thareshalds arg: 500 peunds ar the threehald plann®ng quantity (TRO), whichevar is lower, For exlrsmely
Fazardous substancos ard 10,600 pounds {or gl other ¢aFardans chamicals.

WALCQ Company NALCO Senter ¢ Mapervillz, lllngis B0S63 1148
(630)305-1008
iy



MATERIAL SAFETY DATA SHEET

‘&JMA&”CQ FRODUCT

Sodium Hydroxide

EMERGENCSY TELEPHONE HUNEER

[A00) #24-0300 (24 Hours)  CHEMTREC

SECTION 313 - IS8T OF TOX'C CHREMIGALS (10 CFR 372)
Th'z mroduct does not contain sunstances or the Lt of Toxte CPedicals,, This procduct centaing the folabimg
substaroalsh, wih CAS # and % ranac) which appeariz) on ke Lzl of Tozlc Chamlouls

TEXIC SUBSTANGES CONTROL ACT [TSCA)
The cnemizal suzstances in this prosusl are on the TSCA Bk Invansory {470 CFR 7103,

FEDERAL WATER POLLJ QM SOMNTHOL ACT, CLEAN WATER ACT, 42 CFR AR S ffarmerly Ses, 307, 40
CFR ! ormerly Sec, 311 ;
This procuci centains ihe following substizrces leted ity he regalation:

Suhstancels) Cilalions
Socdiurn Hydhomiows Sec. 311

CLEAN AIR ACT, Sen. 111 (40 GFR 80, VYolatile Organic Compeonds), Sec. $12 (40 CGFR 61, Hasardous Ar
Mollutants), See. GO2 (40 CFR B2, Class | 2nd I O2ore Dopleting Substanoes) -
ivnne of the subatannas are spocifically isted n the regulation.

CALIFARMNA PROFOSITION 85
This product does rot cordain substances which redguire warirg undzr Califorsia Proposifion &5.

MICHIGAN CRITIZAL MATERIALS |
Maonga of ‘he substances are specifizally listed in the reguiation.

STATE BIGHT TO KNOW L AWS ;
The following substances g-e cistlosed for compllance with State Richt wo Enow Laws:

Soeium Hydgosgicde 1310-F3-2
Walar F132-18-E

MATIONAL REGULATIONS, CANADA

WORKPLACE HAZARGOUS MATERIALS MNFORRMATIGN S5 TER MWHRIS) :
Thiz product has been classi#fied in accardanoe wilby Ce e oritesa of the Conballed Products fRequladions
{CPR} and the MS0S eontains all fic irformation required by tne CPR,

WHWIS CLASSIFICATION |
E - Corrosive Material

CAMNALIAMN ENVIRONMERTAEL PROTECTIOM ACT (CEPAY:
All sutstances in this product are listed on the Domestls SUbstances Lisl {ERELY, &ve sk, or heve baen raported
In aecoreancs With e Naw Sukstances Metification Regulzbons.

[16. | OTHER INFORMATICN

MoC02 2404/ FEECNG95

Thiz product matesial sately rals sheet provides hoatth and safohy informefon. The prodost is to be used in
gpplications consistanl with our produst lieestoee, Individuals hand:ng this procuct shogld Be nfomnes ofthe

MALCO Company MALCO Canter - Mapenyillg, llinagis BO565-1146
{630)305-1000
3



MATERIAL SATETY DATA SHEET

MM&L{:@ | FROOUCT

Sadium Hydroxide

ENERGENCT TELEFHONE MUNEER

" (300} 424-9300 {24 Bours)  CHEMTREG

recammended salely precadlons gt should bave aecess o this nifusimation. borany ather uses, expozuras stosild
oe evaiawd o that appoprate harding practices and raining rograma can be established 12 hstre sale
wurkplace cpeqotions. Ploase consudt your loval sales -epresentative for any further informnatian.

HEEFERENCES

Thireshald Limll Valies for Chemleal Substanees and Fhysicdl Agents and Biological Exposuns Indices, Amesican
Conference of Governmantal Tndustsal Hyqgianists, OH., (Ansl IRsighds CO-RON Versicn), Arel Research Corp.,
Belthsada, MD,

| lEzardnus Substances Dala Bani, Nallona Lbrany of Medlcing, Bethesda, Maryland [ OMES CPE# CL-ROK
Versiord, Moroinedes, ne., Englowaad, Co.

ARG Monoagranhs on the Fyaluaicn of the Carcinoganin Risk of Chsmicals te Man, Gerevar Warld Mealh
Chrganization, ilenelions! Agency for flessanch on Tance-

Indkanralen] Risk Infarmaton System. 115, Fovinanimertal Proteclion Saency, h‘-.-’:;-shing;»Lc:n. L (TOMES Ci2s% G-
ROk Varsion), Micromedes, Inc., Eng.ewcod, SO,

Arnweal Hepert on Carcinogena, Mational | oxicalogy Frogram, J. 5. Departmznt of Haath and Shiman Saneires,
Piliis Health Sevice.

Tite 20 Code of Fedaral Regulations, Pat 1810, Subfad 7, Towle and Hazardous Substanees, Qecupationazl Sotaty
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Appendix 3-5

Letter from Royal Irregation Department
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Appendix 3-6

Oil seperator calculation
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Appendix 3-7

Letter from Baan Na Municipality on waste disposal



Chana Green

f cae 0 aa1woos

27 w2560

a - - -
1784 w'limm*rﬁﬁwu::%ﬂdaumrlmaﬂﬂ'[-sﬂﬂmﬁ:u: Tis% .
Fen BV RN A AT AL HAM

LT
-

FuURUSHT asus nTw 9IAR (CUTEN AT rjﬁuﬁu'[mam{[w'lﬂﬁw:u: T (Iasany magﬁ
#uag dunouzus i Taasem dulsstvhfnefldieslifmialdrnnmudsialdiveugnama
gt w wraAw i Aaldlunnases i e uarlainseiunmn dueiu Tagiifndanraufia
Rana 26 Wneind

1Y ma*&w-ihsﬂ:uaHauﬁt‘ﬁm’mﬁﬁﬂﬁunwﬁaaﬁmaﬂmm‘w anwyFum 200 Alenduy
ey {ﬂ'rvmufﬂﬂﬂurmnﬂa'hmaﬂﬂ 300 A Lr.a"ﬂmﬂﬂ"-l‘ilﬂﬂ'ﬂll“liﬂﬂﬂﬂ 1 Alandirau i) Tradssoin
riaaFnlteuim 24 vRau MauFEny wma’lﬁﬁnﬂ‘rﬁwﬂmﬂ“uﬂdmimnmﬂmaﬂ'mamum Tutrininda

uwnduum'nun,mslwum

Tay 1.9"3‘]]B1ﬁﬂ'm-tmI:iﬂIﬁﬂﬂl‘ﬁﬁﬁmim%ﬁﬂﬂunEﬂﬂﬂlﬂﬂ?ﬁﬂﬂﬁﬂﬂﬂl}ﬂﬁﬂ-ﬂﬂ"iﬂﬂ‘i Furilasenn
NHUTENY nrmmﬂ-mmaaﬂunﬂumnmumhnﬂuLnnm?ﬁiunﬂuluﬂmmmn!.ﬂﬂ.,mnﬂn-s.nu
Sawaagonlarorilstnriezus rdviehl vasdlautng asudniiumludud uidny szudadoys
rinmpandsndealfyirmmyidresyedasmnaunadumiuunsal)

SoSmanAsllseRmTsamdiirmuisen v dweiafond Uiy uasyiens
mwauwr:ﬂml.i]umhagam o Tananid

weTi pruiTie

'E'u#...,...... | 50 35!"

- D NITUNTS
10.001, |
Chans Green Company Limited

{4th EL. M. Thai Tmwer, A Seasors Paca, 7 Yielkess Road, Lumginl, Fathunsen, Bangkok 10230
Tel: 02-510-5555 Faw: 02-610-5566



=l a .
o eEmon/ M D AU TRV AF TIRTT T

Wl - LY
(A R i T A ey U
EAR e 9,891 someno

ﬁﬁ) WL loatne

4 f ] I-'-‘r 3 1)
Bo1 eugrldrAun s deespasos : :
FoL RETURTIUTEN 9EUS AT U0m .
¥ o - ol T | . o =l =l
TG PREHD U 28R a7 900 Y CEC O onmedood BEIRY vd DUEN edoo
rrnrladadidnate U3 ooug ndu $n Grulasarasladluiasys 1y veld
'u?sm‘sﬁﬁﬂtﬂ:muauaamﬂL*lﬂﬁU':ﬁlﬁ".ua'lj'"m',n Ul
' A f w e L 7 to B owe T n X u i
Tunsi tnmunadaLatuug faiTuinaiaynialFuidn g faguelufiud.é
ol sl —l-‘I - wl L3 i L. -"II L L -'J L 54 o
MereBuaite1ane vTERe AasudiBrmwdinnmg Waldgravdnwue Dueeeilisalifeuadv
¥ ARLIRE L URE SANTE NUFHA WL D81 SR
daSenanahlwmrTo

VB AFFIAYT LWL TE

=

fLabTTEve wizssos)
e LHPE S E ST b

ATsirlaR

tenATea
NuEEITRgULAsRIRdey
Tvfny-5813 o-widlao-ovonm



Appendix 3-8

Calculation of rainwater drainage system
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